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FUNCTIONAL INDEX 
~ 
Data Communication Products 
I 


Part 
Max 
Power 
Number 
Name 
Description 
Baud Bate 
SUpplies 
Packlu[e 
PUe 
COM1553A 
MIL-STD- 
MIL-STD-1553A Manchester 
Interface 
40 DIP/ 
1553A 
Controller 
1MB 
+5 
44SMT 
39-40 
Controller 


COM 1553B 
MIL-STD- 
MIL-STD-1553B Manchester 
Interface 
40 DIP/ 
1553B 
Bus Controller!Remote 
'Illrm1nal 
1MB 
+5, -5, 
+ 12 
44SMT 
41-56 
Controller 
COM1671 
ASTRO 
Asynchronous/Synchronous 
'Iransmitter!ReceiveI; 
Full Duplex, 5-8 
1MB 
+5, -5, 
+ 12 
40 DIP 
57-58 
data bit IX or 32X clock 
COM1863 
UART 
Universal Asynchronous 
Receiver/ 


'IransmitteI; 
Full Duplex, 5-8 data bit, 
62.5KB 
+5 
40 DIP 
59-60 
I, 1'/., 2 stop bit, enhanced 
distortion 
marcin 


COM2651 
USARTIPCI 
Universal 
Synchronous/Asynchronous 
Receiver/'IransmitteI; 
Programmable 
1MB 
+5 
28 DIP/ 
61-62 
Communication 
Interface, 
Internal 
28SMT 
Baud Rate Generato!: IX, 16X, 64X clock 
COM2661-1 
USARTfEPCI 
Universal 
Synchronous/Asynchronous 
-2 
Receiver/'IransmitteI; 
Programmable 
1MB 
+5 
28 DIP/ 
63-64 
-3 
Communication 
Interface, 
Internal 
28SMT 
Baud Rate GeneratoI; IX 16X 64X clock 


COM5025 
Multi-Protocol 
SDLC,HDLC,ADCCp,Bi-sync, DDCMP 
USYNRT 
compatible, automatic 
bit stuffing/ 
1.5MB 
+5, + 12 
40DlP 
65-76 
stripping, 
frame detection/generation, 


CRe ~eneration/check1n,«, 
s:vncdetection 


COM52C50 
TWINAX 
Interface 
Controller 
for IBM System! 
28 DIP/ 
34, 36, 38 deSignated TWINAX or 
1MB 
+5 
28SMT 
77-94 
5250 environment 
COM7210 
GPIB 
Intell1g~~t Interface 
con~~oller 
8 MHz 
+5 
40 DIP 
95-106 
Interface 
for GPIB IEEE-488-1978 
COM78808 
OCTALUART 
8 UART's, 8 Baud Rate Generators 
plus 
68CERDIP/ 
control logic and modem signals all 
19.2KB 
+5 
PLCC 
135-136 
on a single chip 
COM78C808 
OCTALUART 
CMOSVersion of the COM78808 
19.2KB 
+5 
68PLCC 
137-150 


COM78C804 
QUADUART 
4 UARTS,4 Baud Rate Generators 
plus 
48 DIP 
(QUART) 
controllogtc 
and modem signals all on 
19.2KB 
+5 
44PLCC 
121-134 
a siru!le chip 


COM78C802 
DUALUART 
2 UARTS,2 Baud Rate Generators 
plus 
40 DIP 
(DUART) 
controllogtc 
and modem signals all on 
19.2KB 
+5 
44PLCC 
107-120 
a s1nll:leChiD 


COM8004 
32 BitCRC 
Companion 
device to COM5025 
Generator/ 
Dual 32 bit CRCGenerator/Checker 
2.0MB 
+5 
20 DIP 
151-152 
Checker 
COM8017 
UART 
Universal Asynchronous 
Receiver/ 
'IransmitteI; 
Full Duplex, 5-8 data bit, 
40KB 
+5 
40 DIP 
153-160 
1, 1V.,2 s~~pbit (compatible 
with 
COM2017 


COM8018 
UART 
Universal Asynchronous 
Receiver/ 


'IransmitteI; 
Full Duplex, 5-8 data bit, 
62.5KB 
+5 
40 DIP 
59-60 
1, IV., 2 stop bit, enhanced 
distortion, 
marltln 
COM8IC17 
UART 
Universal Asynchronous 
Receiver/ 
20 DIP/ 
'IransmitteI; 
Full Duplex with built-in 
100KB 
+5 
20SMT 
161-168 
Baud Rate Generator 
COM82Cll 
PAl 
CMOSProgrammable 
Centronics 
Parallel 
Printer Adapter Interface (PAl) with high 
1 MHz 
+5 
40 DIP 
169-176 
current 
driving capability 
COM8251A 
USART 
Universal 
Synchronous/Asynchronous 
64KB(sync) 
Receiver/'Iransmittex; 
Full Duplex, 
+8 
28 DIP 
177-192 
5-8 data bit, 1 1V. 2 stODbit 
9.6 KB (async) 


COM82586 
LANC 
Ethernet 
Local Area Network Coproces- 
10 MHz 
+5 
48 DIP/ 
193-196 
sor for CSMAlCDMedium Access Control 
68PLCC 
COM82C501 
ESl 
Ethernet 
Serial Interface compatible with 
COM82586. Generates clocks and per- 
10 MHz 
+8 
20 DIP 
197-200 
forms Manchester 
Encodlnl'tlDecodlnl't 


Data Communication 
ProductscONT. 


Part 
Max 
Power 
Page 
Humber 
Hame 
DescripUon 
Baud Bate 
Supplies 
Packalte 


COM82C502 
LANT 
Ethernet 
Transoeiver ohip. Compatible 
10 MHz 
+5,+10V 
16 DIP 
201-204 
with COM82586 and COM82C60 1. 
COM8602 
UART 
Universal Asynohronous 
Reoeiverl 


Transmitter: 
Full Duplex, 6-8 data bit, 
40KB 
+6 
40 DIP 
163-160 
1 2 stop bit (oomoatible 
with COM2602) 
COM9026 
LANC 
Looal.AJ:'eaNetwork Controller 
for token 
2.6MB 
+6 
40DIPI 
206-206 
pass systems 
44SMT 
COM90C26 
LANC 
CMOSVersion of COM9026 
2.6MB 
+5 
40 DIP 
207-222 
COM90C32 
LANT 
Looal.A:rea Network Transoeiver 
2.6MB 
+5 
16 DIP 
223-228 
COM9046 
SSBSS 
Single Side Band Speeoh Sorambler: 
Low Power: Full Duplex, uses 3.68 MHz 
NA 
±2.6 
14 DIP 
229-232 
TVburst orvstal 
COM90C66(2) ELANC 
CMOSEnhanoed Looal.A:rea Network 
Controller: with high throughput, 
6MBps 
+6 
48PLCC 
233-234 
network 
management 
and network 
dlai!nostio 
COM90C62'", 
COMBOCHIP 
Complete Looal.A:rea Network Controller 
on a ohip. Inoludes the oombined 
2.5MB 
+5 
40 DIP 
235-238 
funotions 
of the COM90C26 and the 
COM91C32 
COM9064 
IBM 3270 
IBM 3270 COAXtype "A" oontroller 
2.36MB 
+6 
40DIPI 
239-246 
+ 5V onlv version of COM9004 
44SMT 
COM91C32 
LAm' 
Improved COM90C32 LAN Transoeiver, 
whioh integrates 
an internal 
orystal 
2.5MB 
+5 
16 DIP 
247-262 
osoillator and reset oiroUitry for the 
COM9026/COM 
90C26. 
COM92C32(2) LANT 
Thie transoeiver 
performs 
Manchester 
Enood1nglDeooding to allow twisted pair 
2.5MB 
+6 
16 DIP 
263-256 
operation 
of ARCNET.Compatible with 
COM90C26 and HYC9078 
HYC9058 
HIT 1 
High Impedanoe Transoeiver for Looal 
.AJ:'eaNetworks 
allows BUStopology with 
2.6MBps 
+6 
20 SIP 
267-262 
multi drop nodes 
HYC9068 
LAND 
Looal.AJ:'eaNetwork Driver with 
(93!l) 
line matching 
impedanoe for 
2.5MBps 
+5 
20 SIP 
263-266 
ARCNET networks 
HYC9078'"' 
HIT 2 
High Impedanoe Transoeiver for Looal 
6MBps 
+5 
20 SIP 
267-268 
.A:reaNetworks for ooeration 
at 6MHz 


(a)For future release 
Baud Bate Generator 


Part 
Power 
1II'umber 
Description 
Supplies 
COM5016 
Dual Baud Rate Generator 
+6, +12 
18 DIP 
271-272 


COM6016T(l) 
Dual Baud Rate Generator 
+5 
+12 
18 DIP· 
271-272 
COM6026 
Single Baud Rate Generator 
+6, +12 
14 DIP 
273-274 


COM50261"" 
Sin Ie Baud Rate Generator 
+5 
+ 12 
14 DIP 
273-274 
COM5036 
Dual Baud Rate Generator 
+5, + 12 
18 DIP 
271-272 


COM6036T(l) 
Dual Baud Rate Generator 
+5, + 12 
18 DIP 
271-272 


COM5046 
Single Baud Rate Generator 
+6, +12 
14 DIP 
273-274 


COM5046T(l, 
Single Baud Rate Generator 
+5, +12 
14 DIP 
273-274 


COM8046 
Single Baud Rate Generator 
+6 
16 DIP 
275-276 


COM8046T<l) 
Single Baud Rate Generator 
+5 
16 DIP 
276-276 
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Band Bate Generator 
CON'r. 
I 
Part 
Power 
Number 
Description 
Features 
Supplies 
Package 
Page 
COM8116 
Dual Baud Rate Generator 
Sin~le + 5 volt version of COM5016 
+5 
18 DIP 
277-278 
COM81161'<1 
Dual Baud Rate Generator 
S~le 
+ 5 volt version of COM5016T 
+5 
18 DIP 
277-278 
COM8126 
Sin~le Baud Rate Generator 
Sin/(le + 5 volt version of COM5026 
+5 
14 DIP 
279-286 
COM81261"1) 
S~le 
Baud Rate Generator 
Sin/(le + 5 volt version of COM5026T 
+5 
14 DIP 
279-286 
COM8136 
Dual Baud Rate Generator 
Sin/(le + 5 volt version of COM5036 
+5 
18 DIP 
277-278 
COM81361"1) 
Dual Baud Rate Generator 
Single + 5 volt version of COM5036T 
+5 
18 DIP 
277-278 
COM8146 
Single Baud Rate Generator 
Single + 5 volt version of COM5046 
+5 
14 DIP 
279-286 
COM81461"1) 
Single Baud Rate Generator 
Single + 5 volt version of COM5046T 
+5 
14 DIP 
279-286 
COM8156 
Dual Baud Rate Generator 
High-frequency 
clock input version of 
COM8116 with additional 
outputs of 
+5 
18 DIP 
287-290 
inDut freauencv 
.;- 2 and .;- 8 
COM81561"l\ 
Dual Baud Rate Generator 
External 
clock input version of 
+5 
18 DIP 
287-290 
COM8156 
COM8lG66'"' 
Timer/Clock Generator 
CMOSUser ProlU'ammable Clock and Timer 
+5 
16 DIP 
291-292 
COM8lG66T'· 
Timer/Clock Generator 
External 
Frequency Input version 
+5 
16 DIP 
291-292 
ofCOM8166T 
COM8IC67'·) 
Timer/Clock Generator 
CMOSUser Programmable 
Clock and Timer. 
+5 
8 DIP 
291-292 
Built-in XTALoscillator 
2 timers 
COM8lG68'·) 
Timer/Clock Generator 
TTLClock Driver Version of the COM8lG67 
+5 
8 DIP 
291-292 
with 3 timers 


Display Prodnc1is 


TIMING 
CONTROLLEBS 


Part 
Display 
Max 
Power 
Number 
Description 
Features 
Format 
Clock 
Supplies 
Package 
PaJ!e 
CRT5027 
Pro/(rammable 
4MHz 
+5, + 12 
40 DIP 
295-296 
CRT5037 
Provides all of the 
Balanced beam interlace 
Pro/(rammable 
4MHz 
+5 
+12 
40 DIP 
295-296 
CRT5047 
timing and control for 
Fixed format 
80 column 
interlaced 
and non- 
24 row 
4MHZ 
+5, + 12 
40 DIP 
297-298 
interlaced 
CRTdispls,y. 


CRT5057 
Line-lock 
Pro/(rammable 
4MHz 
+5, +12 
40 DIP 
295-296 
CRT7220A, 
Graphics Display 
Intelligent 
graphics 
1024 x 1024 Pixel 
6,7,8 
+5 
40 DIP 
299-322 
-I 
-2 
Controller 
disDlav controller 
MHz 
CRT9007A2 
CRTvideo processor 
Sequential or row- 
Programmable 
A2-6.5MHz 
AI,A,B,C 
and controller 
table driven memory 
AI-5.0MHz 
programmable 
DMA 
A-3.7MHz 
+5 
40 DIP 
335-356 
B-3.33 MHz 
C-2.5MHz 
CRT97C11 
3rd generation 
CRT 
Control of window size 
Up to 16K pixels 
controller 
which 
and position, window 
vertical and lKxN 
allows manipulation 
attributes, 
prog curso1; 
(N = displs,y. 
TBD 
+5 
68PLCC 
433-452 
of independent 
win- 
max of 127 windows, 
memory width) in 
dow areas on screen 
DRAM refresh 
horizontal 
Dixels 


Part 
Display 
Max 
Power 
Number 
Description 
Features 
Format 
Attributes 
Clock 
SUpply 
Package 
Page 
CRT9028/ 
Mask pro- 
'lagged attri- 
14MHz 
9128'" 
grammable, 
butes: reverse 


Complete CRTvideo 
5x8charac- 
video, blank, 


ter font, 8xl2 
blink, under- 
369-384 
processor 
and control- 
character cell. line,intensity 
ler. Display and attri- 
Separate displs,y. 
and wide/thin 
bute control for 
memory eliminates 
graphics. 
CRT9053/ 
alphanumeric 
and 
contention, 
smooth 
Mask pro- 
Embedded or 
18.7MHz 
+5 
40 DIP 
graphics 
displs,y.Two 
scroll, status row; 
9153(1) 
types of processor 
on-board clock, and 
grammable, 
tagged attri- 
interface 
signals 
video shift register. 
7x11 charac- 
butes: reverse 
differentiate 
the 
ter font, 9xl3 
video, blank, 
401-416 
two parts. 
character cell. blink, under- 
line, intensity 
and wide/thin 
~aDhics. 


.~-:_ 
Display Products CO:N'1'. 


TEBlVIINAL 
LOGIC CONTROLLERS 
CO:N'1'. 
Pari 
Display 
Max 
Power 


Number 
Description 
Features 
Format 
Attributes 
Clock 
Supply 
PackaJ(e 
PUe 
CRT92C07 
Complete timing and 
Double speed 
Register pro- 
Tagged, 
attributes 
controller. 
architecture 
and 
grammable, 
embedded or 
Uses external charac- 
separate displlW 
max1IDum 
parallel attri- 


ter generator. 
memory bus elimi- 
12x16 
butes: reverse 
nates memory con- 
character 
video, blank, 
42 MHz 
+5 
84PLCC 
417-420 


tention. Multiple 
cell. 
blink, under- 
smooth scroll 
line, DH/DW, 
regions on screen. 
protected 
field, intensitv. 


Part 
Max 
Power 


Number 
Description 
Display 
Attributes 
Clock 
Supplies 
Package 
pue 
CRT8002H 
Provides complete 
7x11 dot matrix, 
Reverse video 
25 MHz 
325-326 
displlW and attri- 
wide graphics, 
blank 
CRT8002A 
'3) 
butes control for 
thin graphics, 
blink 
20 MHz 
323-324 
alphanumeric 
and 
on-chip cursor 
underline 
graphic display 
strike-thru 
+5 
28 DIP 
CRT8002B( 1.') 
Consists of 7 x 11 x 128 
15 MHz 
323-324 
character 
generator; 
video shift register 
latches, graphics and 
CRT8002C(·3) 
attributes 
circuits. 
10 MHz 
323-324 


Part 
Max 
Power 


Number 
Description 
Display 
Attributes 
Clock 
Supply 
PackaJ(e 
Page 
CRT8021 
Provides attributes 
Alphanumeric, 
wide 
Reverse video, 
and graphics control 
graphics, thin graphics, 
blank, blink 
20 MHz 
+5 
28 DIP 
327-328 
for CRTvideo 
on-chip cursor 
underline, 
displavs 
strike-thru 
CRT9021B 
Provides attributes 
Alphanumeric, 
wide 
Reverse video, 
and graphics control 
graphics, thin graphics, 
blank, blink 
28.5 MHz 
+5 
28 DIP 
357-368 
for CRTvideo 
on-chip cursor; double 
underline, 
displays 
hei~ht, double width 
intensitv 
CRT904lA, B,C Provides attributes 
and 
Alphanumeric, 
wide 
Reverse video, 
graphics control for CRT and thin graphics, 4 
blink, blank, 
A-33 MHz 
video displays. Full 
cursor modes, double 
underline, 4 
B-30MHz 
+5 
40 DIP 
385-400 
VT100$ and VT220$ 
heightlwidth, 
12 bit 
intensity 
levels 
C-28.5MHz 
compatible 
shift re~ister 


Part 
Max 


Number 
Description 
Bow Length 
Power Supply 
Package 
Page 
CRT9006-83 
8 bit wide serial cascadable single row 
83 characters 
+5 
24 DIP 
329-334 
CRT9006-135 
buffer memorv for CRTor printer 
135 characters 
CRT9212 
8 bit wide serial cascadable double row 
135 characters 
+5 
28 DIP 
421-426 
buffer memory for CRTor printer 
CRT94Cl2 
8 bit wide serial, quad row buffer memory 
135 characters 
+5 
40 DIP 
427-432 
for CRTor printer 


\ Floppy Disk 
I 


Part 
Software 
Max. Becommended 
Data 
Power 
Number 
Compatabllity 
Disk Data '1ransfer Bate 
separator 
Supply 
Package 
Page 


FDC9268 
IBM®PC/AT"',PCIXT,PS/2® 
500 Kb/sec 
16 MHz Digital 
+5V 
40 DIP, 
541-556 
44PLCC 
FDC9266 
IBM®PC/AT"',PCIXT,PS/2'" 
250 Kb/sec 
8 MHz Digital 
+5V 
40 DIP, 
525-540 
44PLCC 
FDC 765A, 765A-2, 
IBM'" PC/AT®,PCIXT,PS/2'" 
500 Kb/sec 
external 
+5V 
40 DIP, 
455-470 


7265 
44PLCC 


FDC 72C65, 72C66 
IBM®PC/AT"',PCIXT,PS/2® 
Up to 1 Mb/sec 
external 
+5V 
40 DIP, 
473-496 
44PLCC 
FDC92C81 
IBM'" PC/AT"',PCIXT,PS/2® 
Up to 1 Mb/sec 
Dual Gain 
+5V 
24 DIP, 
557-564 
Analol'( 
28PLCC 


FDC 9lC361B 92C36/B 
IBM®PC/AT"',PCIXT,PS/2'" 
250/500 Kb/sec 
16 MHz D1F(ital 
+5V 
8 DIP 
497-500 
FDC92C38/B 
IBM® PC/AT®, PCIXT,PS/2'" 
250 /500/500/250 
Kb/sec 
16 MHz Digital 
+5V 
14 DIP 
513-516 
FDC 92C391BIBTIT 
IBM'" PC/AT"',PCIXT,PS/2'" 
250/500/500/250 
Kb/sec 
16 MHz Digital 
+5V 
20 DIP, 
517-524 
28PLCC 
FDC 9229T/BT 
IBM®PC/AT®,PCIXT,PS/2'" 
125/250 Kb/sec 
8 MHz Digital 
+5V 
20 DIP, 
505-512 
28PLCC 


FDC9216/B 
IBM'" PC/AT"',PCIXT,PS/2® 
125/250 Kb/sec 
8 MHz DiP:ital 
+5V 
8 DIP 
501-504 
FDC 9791, 9793, 9795, 
179X 
250 Kb/sec 
external 
+5V 
40 DIP, 
565-566 


9797 
44PLCC 
FDC 1791,1793,1795, 
179X 
250 Kb/sec 
external 
+ 5V,+12V 
40 DIP, 
471-472 


1797 
44PLC 
Hard Disk 


Max. Disk 
Part 
Data 
Data'1ransfer 
Hard Disk 
Power 
Page 
Number 
Disk Format 
Encoding 
Bate 
Data separator 
Supply Packali!e 
MSD95COO 
SCSI 
RLL 2,7/MFM/NRZ/GCR 
20Mb/see 
external 
+5V 
68PLCC 
681-692 
MSD95C02 
User Defined 
RLL 2,7/MFMINRZ/GCR 
24Mb/see 
external 
+5V 
68PLCC 
693-736 
MSD7262 
ESDI 
NRZ 
18Mb/see 
external 
+5V 
40 DIP 
677-680 
HDC9234 
IBM'" PC/AT"',ST-506 
MFM,FM 
5 Mb/sec 
external 
+5V 
40 DIP, 
637-676 
44PLCC 
HDC92C26 
ST-506 
MFM,FM 
5Mb/see 
Analog, 
+5V 
24 DIP, 
627-634 
external 
VCO 
28PLCC 
HDC9223 
ST-506 
MFM,FM 
5Mb/see 
VCOonlv 
+5V 
14 DIP 
585-588 
HDC9224 
DECVAX®,MICROVAX"', 
MFM,FM 
5Mb/see 
external 
+5V 
40 DIP, 
589-624 
ST-506 
44PLCC 
HDC9227 
ST-506 
MFM,FM 
5 Mb/sec 
Analog, 
+5V 
28 DIP, 
635-636 
external 
VCO 
28PLCC 
HDC9225 
ST-506 
MFM,FM 
5Mb/see 
external 
+5V 
48 DIP 
625-626 
HDC7261 
NECST-506 
MFM FM 
12Mb/see 
external 
+5V 
40 DIP 
583-584 
HDC7260 
NECST-506 
MFM,FM 
6Mb/see 
external 
+5V 
40 DIP 
579-582 
HDC 1100-01, 
SAI000, ST-506 
NRZ,MFM,FM 
5Mb/see 
external 
+5V 
20 DIP 
569-578 
-12,-03 
-05 


~- 
;iQ~~ 
Keyboard Encoder 


Part 
No. of 
Standard Fonts 
Power 
Number 
Keys 
Modes 
Features 
Suffix 
Description 
SuppUes 
Package 
PUe 


KR-9600 XXO) 
90 
4 
20rNKey 
-PRO 
Binary Sequential 
+5 
40 DIP/ 
739-752 
Rollover 
-STD 
ASCII 
44SMT 


KR-9601 XX") 
90 
4 
20rNKey 
-STD 
Binary Sequential 
RolloveI; 
-012(2) 
ASCII 
+5 
40 DIP/ 
739-752 
caps-lock, 
44SMT 
auto-repeat 


KR-9602 XXO) 
90 
4 
20rNKey 
-STD 
Binary Sequential 
Rollover, 
-012(2) 
ASCII 
28 DIP/ 
caps-lock, 
+5 
28SMT 
739-752 
auto-repeat, 
serial output 


-, Microprocessor Products 


Part 
Power 
Number 
Description 
Size 
Process 
Speed 
SUppUes 
Package 
Page 
MPU800 
Microprocessor 
8B1t 
CMOS 
2.5 MHz 
5V 
40 DIP 
755-756 
MPU800-1 
Microprocessor 
8B1t 
CMOS 
1.0 MHz 
5V 
40 DIP 
755-756 
MPU800-4 
Microprocessor 
8B1t 
CMOS 
4.0 MHz 
5V 
40 DIP 
755-756 
MPU810A 
RAM-I/O-Timer 
8 Bit 
CMOS 
2.5 MHz 
5V 
40 DIP 
757-758 
MPU810A-l 
RAM-I/O-Timer 
8 Bit 
CMOS 
1.0 MHz 
5V 
40 DIP 
757-758 
MPU810A-4 
RAM-I/O-Timer 
8 Bit 
CMOS 
4.0 MHz 
5V 
40 DIP 
757-758 
MPU830 
ROM-I/O 
8 Bit 
CMOS 
2.5 MHz 
5V 
40 DIP 
759-760 
MPU830-1 
ROM-I/O 
8 Bit 
CMOS 
1.0 MHz 
5V 
40 DIP 
759-760 
MPU830-4 
ROM-I/O 
8B1t 
CMOS 
4.0 MHz 
5V 
40 DIP 
759-760 
MPU831 
I/O 
8B1t 
CMOS 
2.5 MHz 
5V 
40 DIP 
759-760 
MPU83 1 
I/O 
8 Bit 
CMOS 
1.0 MHz 
5V 
40 DIP 
759-760 
MPU83 1-4 
I/O 
8B1t 
CMOS 
4.0 MHz 
5V 
40 DIP 
759-760 


IBM~,AT'"and PS/2~ are reglBteredtrademarks oftha International Business Machines CorPOration. 
VAX~is a reglBtered trademark oftha D1gi.te.lEquipment CorPOration. 


f Shift Register 


Part 
Max 
Power 
Number 
Description 
Peature 
Clock I'req. 
SUpply 
Package 
Page 
SR 5015-80, 81, 133 
Quad Static Shift Register 
Load, Recirculate, 
1 MHz 
+5 
16 DIP 
763-764 
Mask Programmable 
Length 
Shift Controls 
SR5017 
Quad 133B1t 
Shift Left/Shift 
SR5018 
Quad 81 Bit 
Right, Recirculate 
1 MHz 
+5 
16 DIP 
765-766 
Controls 


SMC CROSS REFERENCE GUIDE-STORAGE 
IC'S I 


Description 
SMC 
NEC 
Western 
Siemens 
Fujitsu 
Part # 
Digital 


IBM" Compatible Floppy Disk Controller 
FDC765NB 
I-LPD765NB 
- 
- 
- 


Hi-Speed Floppy Disk Controller 
FDC765A-2 
I-LPD765A-2 
- 
- 
- 


Sony Microfloppy Disk Controller 
FDC7265 
I-LPD7265 
- 
- 
- 


CMOS Floppy Disk Controller 
FDC72C65/B 
I-LPD72065/B 
- 
- 
- 


CMOS Sony Microfloppy Disk Controller 
FDC72C66 
I-LPD72065 
- 
- 
- 


ESDI Disk Controller 
MSD7262 
I-LPD7262 
- 
- 
- 


ST-506 Winchester Disk Controller 
HDC7261 
I-LPD7261A 
- 
- 
- 


ST·506 Winchester Disk Controller 
HDC7261B 
I-LPD7261B 
- 
- 
- 


ST-506 Winchester/Floppy 
Disk Controller 
HDC7260 
I-LPD7260 
- 
- 
- 


CMOS Floppy Disk Data Separator 
FDC92C361B 
- 
FD92161B 
- 
- 


Floppy Disk Data Separator 
FDC92161B 
- 
FD92161B 
- 
- 


Floppy Disk Controller 
FDC9791 
- 
FD1791-02 
SAB-1791 
MB8876 


Floppy Disk Controller 
FDC9793 
- 
FD1793-02 
SAB-1793 
MB8877 


Floppy Disk Controller 
FDC9795 
- 
FD1795-02 
SAB-1795 
- 


Floppy Disk Controller 
FDC9797 
- 
FD1797-02 
SAB-1797 
- 


Floppy Disk Controller 
FDC1791 
- 
FD1791-02 
SAB-1791 
MB8876 


Floppy Disk Controller 
FDC1793 
- 
FD1793-02 
SAB-1793 
MB8877 


Floppy Disk Controller 
FDC1795 
- 
FD1795-02 
SAB-1795 
- 


Floppy Disk Controller 
FDC1797 
- 
FD1797-02 
SAB-1797 
- 


ST-506 Winchester Disk Controller 
HDC1100-01 
- 
WD1100-01 
- 
- 


ST-506 Winchester Disk Controller 
HDC1100-12 
- 
WD1100-12 
- 
- 


ST-506 Winchester Disk Controller 
HDC1100-o3 
- 
WD1100-03 
- 
- 


ST-506 Winchester Disk Controller 
HDC1100-05 
- 
WD1100-05 
- 
- 


SMC CROSS REFERENCE 


Description 
SMC 
AMI 
AMD 
Fairchild 
General 
Harris 
Intel 
Part # 
Instrument 


UART (n-Channel)" 
COM8017 
S6850' 
- 
F6850' 
AY 3-1013/15 
HM6402' 
- 


UART (n-Channel)" 
COM8502 
- 
- 
- 
AY 3-1013/15 
HM6403' 
- 


UART (n-Channel)' 
COM1863 
S1602' 
- 
- 
- 
- 
- 


OctalUART 
COM78808 
- 
- 
- 
- 
- 
- 


ASTRO 
COM1671 
- 
- 
- 
- 
- 
- 


PCI 
COM2651 
- 
- 
- 
- 
- 
- 


EPCI 
COM2661 
- 
- 
- 
AY2661 
- 
- 


USART 
COM8251A 
- 
8251 
- 
- 
- 
8251A 


Multi-Protocc 
COM5025 
S6852' 
- 
F3846' 
- 
- 
- 
USYNRT 
F3856' 


IEEE-488 
COM7210 
- 
- 
F68488' 
- 
- 
8291/92' 
96LS488' 


IBM 3270 
COM9064 
- 
- 
- 
- 
- 
- 
COAX I/F Circuit 


LAN Controller 
COM9026 
- 
- 
- 
- 
- 
- 


IBM Twinax 
COM52C50 
- 
- 
- 
- 
- 
- 
Interface Controller 


Dual Baud Rate Gen. 
COM5016/361 
- 
- 
- 
AY5-8116/36 
- 
- 
COM8116/36 


Single Baud Rate Gen. 
COM5026!46! 
- 
- 
F4702' 
AY5-8126 
HD4702' 
- 
COM8126146 
HD6405' 


90 Key KB Encoder 
KR9600/01/02 
- 
- 
- 
AY 5-3600' 
- 
- 


CMOS Microprocessor 
MPU800 
- 
- 
- 
- 
- 
- 


CMOS RAM-I/O-Timer 
MPU810A 
- 
- 
- 
- 
- 
- 


CMOS ROM-I/O 
MPU830 
- 
- 
- 
- 
- 
- 


CMOS Input/Output 
MPU831 
- 
- 
- 
- 
- 
- 


Ethernet Controller 
COM82586 
- 
- 
- 
- 
- 
82586 


Ethernet Serial Interface 
COM82C501 
- 
- 
- 
- 
- 
82501 


Ethernet Transceiver 
COM82C502 
- 
- 
- 
- 
- 
82502 


SMC CROSS REFERENCE 


Description 
SMC 
AMI 
AMD 
Fairchild 
General 
Harris 
Intel 
Part # 
Instrument 


CRT Controller 
CRT5037 
- 
- 
- 
- 
- 
8275 


Character Generator 
CRT8002 
- 
- 
- 
- 
- 
- 
Display Controller 


Graphics Controller 
CRT72201 
- 
- 
- 
- 
- 
82720 
CRT7220A 


Video Processor and 
CRT9007 
- 
- 
- 
- 
- 
- 
Controller 


Video Attributes Controller 
CRT9041 
- 
- 
- 
- 
- 
- 


Video Terminal Logic 
CRT9028/91281 
- 
- 
- 
- 
- 
- 
Controller 
CRT9053/9153 


'Functional equivalent. 
"Most 
UART'S are interchangeable; consult the factory for detailed information on interchangeability. 


GUIDE-DATA COMMUNICATIONS 


Solid 
Texas 
Western 
Motorola 
National 
NEC 
Signetics 
State 
DEC 
Instruments 
Digital 
Scientific 


MC6850· 
NSC858· 
- 
- 
SCR1854· 
- 
TMS6011· 
TR1602 


- 
- 
- 
- 
- 
- 
- 
TR1983· 
- 
- 
- 
2536· 
- 
- 
- 
TR1863 
- 
- 
- 
- 
- 
78808 
- 
- 


- 
INS1671 
- 
- 
- 
- 
- 
UC1671 
- 
INS2651 
- 
2651 
- 
- 
- 
- 


MC2661· 
- 
- 
2661 
- 
- 
- 
- 


- 
INS8251 
I1PD8251A 
- 
- 
- 
- 
TR1983· 


2652· 
6852· 
- 
2652 
SND5025 
- 
- 
SD1933· 


MC68B488· 
- 
I1PD7210 
- 
- 
- 
TMS9914· 
WD9914· 


- 
DP8340/41· 
- 
- 
- 
- 
- 
- 
DP8344· 
- 
- 
- 
- 
- 
- 
- 
WD2840· 
- 
DP8344· 
- 
- 
- 
- 
- 
- 


- 
- 
- 
- 
- 
- 
- 
WD1941 
WD1943/5 


MC14411· 
MM30r 
- 
- 
- 
- 
- 
- 


- 
MM5740· 
- 
- 
- 
- 
TMS5001 
- 


- 
NSC800 
- 
- 
- 
- 
- 
- 
- 
NSC810A 
- 
- 
- 
- 
- 
- 
- 
NSC830 
- 
- 
- 
- 
- 
- 


- 
NSC831 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 


- 
- 
- 
- 
- 
- 
- 
- 


- 
- 
- 
- 
- 
- 
- 
- 


GUIDE-DISPLAY 
PRODUCTS 


Solid 
Texas 
Western 
Motorola 
National 
NEC 
Signetics 
State 
DEC 
Scientific 
Instruments 
Digital 


MC6845· 
DP8350· 
- 
- 
- 
- 
TMS9927/37 
- 


- 
- 
- 
- 
- 
- 
- 
- 


- 
- 
UPD7220 
- 
- 
- 
- 
- 
UPD7220A 


- 
- 
- 
SCN2674· 
- 
- 
- 
- 


- 
- 
- 
SCN2675· 
- 
- 
- 
- 


- 
NS455· 
- 
- 
- 
- 
- 
- 
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Innovation in Microelectronic 
Technology isthe Key to Growth at 
Standard Microsystems. 


Since its inception, Standard Microsystems has been a leader in creating 
new technology 
for metal oxide semiconductor 
large scale integrated 
(MOS/LSI) and very large scale integrated (MOS/VLSI) circuits. 
Standard Microsystems' COPLAMOS®silicon gate n-channel process, 
licensed to over 15prominent semiconductor 
companies, isthe de facto 
standard for high speed, high density integrated circuits. 
COPLAMOS®utilizes a self-aligned, field-doped, locally oxidized structure to 
eliminate parasitic currents and shunt capacitance. 
Thisallows the tight 
packing of circuitry essential for VLSI,yet with performance 
rivaling that of 
bipolar technologies. 
In addition, on-chip generation of substrate bias, also pioneered by Standard 
Microsystems, when added to the COPLAMOS®technology, results in the 
ability to design dense, high-speed, low-power n-channel MOS integrated 
circuits through the use of one external power supply voltage. 


Engineering. marketing and sales personnel occupy SMC<Il's50.000 
square foot facility at 
300 
Kennedy Drive. 


This43,000 
square foot building is the center of SMC®'sresearch and development and 


wafer fabrication operations. 
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These innovations in both process and circuit technology 
have received 
widespread industry recognition. In fact, many of the world's most prominent 
semiconductor 
companies have been granted patent and 
patent Itechnology 
licenses covering various aspects of these technologies, 


The companies include Texas Instruments, IBM General Motors, ITT,Western 
Electric, Hitachi, Fujitsu,National Semiconductor, Mitsubishi Electric, NEC, 
AT&T,Data General, Oki Electric, Gouldl AMI, Sprague Electric, Toshiba, NCR 
and Intel. 
Over the past few years, scientists and engineers at Standard Microsystems 
have been developing a technology to significantly reduce the sheet 
resistivity of the gate material used in MOS,dramatically 
decreasing internal 
time constants in MOS devices. 
Thistechnology 
replaces the polycrystalline silicon normally used in 
n-channel MOS devices with an alternate material, titanium disilicide. Thishas 
enabled Standard Microsystems to become the first semiconductor 
manufacturer 
to market and sell MOS/VLSIcircuits which employ a metal 
silicide to replace the conventional doped polycrystalline silicon layer, 
Standard Microsystems has continued its technological 
leadership with the 
introduction of new products utilizing an advanced 
low-power, high-speed 
two micron n-well CMOS process, With its 1.6micron effective channel 
lengths and its double layer metal option, this process isideally suited for 
standard products, standard cells and full custom designs. Another 
processing option which incorporates analog capacitors on the device 
allows for efficient, high-speed analog applications. 
In CMOS circuitry, an obvious reliability concern islatch up. To avoid the 
problem with the two micron n-well CMOS process, Standard Microsystems' 
design, processing and quality engineers have worked together to create 
layout and processing specifications which assure latch-up-free design in 
accordance 
with the proposed JEDEC7A specification. 


State-of-the-art 
wafer 
stepper 
projects 
MOSIVLSI circuit 
patterns 
onto 
silicon wafers, 
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We've Established a Position as the 
Industry Leader in Microperipherals 
with a Steady String of Industry "Firsts': 


Standard Microsystems Corporation 
has made significant contributions in 


addressing the challenges inherently associated with connectivity: "That is 
the creation of a path from one computer system to another, so that 
information can be meaningfully exchanged 
between those systems." 


In local area networking (LANs), SMC®was the first to introduce a single-chip 
local area network controller. Thisdevice (the COM9026) implements the 
ARCNET®LAN protocol, and isnow a de facto standard. Thisearly 
introduction has placed Standard Microsystems' ARCNET®products very 
high on the price/performance 
curve. Over 500,000 
ARCNET®nodes are 


currently installed, giving this mature, reliable LAN close to a 50% market 
share. Standard Microsystems continues to maintain its position as premier 
supplier of ARCNET®LAN products. The revolutionary High Impedance 
Transceiver (HIT™)introduced in 1986,which enabled the implementation 
of a 
new bus topology for ARCNET®, has achieved strong market acceptance. 
But SMC®isfar from resting on its laurels and isreadying several new 
products to further increase ARCNET®performance 
while reducing its cost. 


These include: the COM90C62 (which integrates the COM90C26 
LAN 


Controller and the COM90C32 
LAN Transceiver) and the ELANC 


COM90C56 
(Enhanced LAN controller that doubles the data bit rate and 


offers, among other features, LAN Management 
and tAN Diagnostics). 


As a result of the second source agreement 
recently signed with Intel Corp., 
SMC®will also be able to offer the chip set required to implement Ethernet™ 
Local Area Networks. The chip set will include the industry standard 
COM82586 LANC as well as the COM82C501 transceiver and the 
COM82C502 serial interface chip. Standard Microsystems Corporation thus 
becomes the only supplier of components for the two LAN 
implementations with the largest installed market base . 


• 
-.~ 
•••••••••••• 


SMC@ 's ARCNET@ LAN supports 
a star topology, 
bus topology 
or combination 
of both. 
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Standard Microsystems Corporation isalso at the forefront of the micro-to- 
mainframe connectivity 
in an IBM®environment. No matter which IBM® 


mainframe connection 
isconsidered. the IBM®3270 or IBM®System/3X, 


SMC®interface devices are the most cost-effective 
design approach 
available in the market. SMC®was first to introduce 3270 COAX and 5250 
TWINAXinterface devices. The COM9064 and COM52C50 
are unique 
single-chip solutions that enable pc, terminal and printer manufacturers to 
provide communication 
linkswithin the IBM®mainframe environment at 
reasonable cost. 
Standard Microsystems Corporation, known worldwide for many industry 
firsts in the field of UARTs,iscontinuing its tradition with the introduction of two 
new products that will definitely change the design implementation 
of 
asynchronous data communications. The COM81C17,the only 20-pin CMOS 
UARTin the market, has a sizewhich isovershadowed 
only by its speed. The 
COM81C17features a lOOK bits-per -second transfer rate-a far cry from the 
usual 19.2Kbits per second offered by most UARTscurrently available. 
However, it isour new family of multiple UARTs,designated COM78C80X, that 
will bring the asynchronous data communication 
market to new heights. 
These VLSIdevices, which integrate 2, 4 or 8 complete 
channel interfaces in 
one chip, revolutionize the distribution of data communication. 
In another area, CRTdisplay systems have traditionally required a great deal 
of support circuitry for the complex timing, refresh and control functions. This 
need led the engineers at SMC®to develop the CRT5027 VTAC, the first CRT 
controller to provide all of these functions on a single chip. A second 
generation CRTcontroller, the CRT9007 VPAC was then introduced, and 
became an industry standard when it was designed into the DECVT220 
terminal. The CRT9007 is the heart of a complete 
high performance 
CRT 
controller family, which includes single, double and quad row buffers, and a 
variety of video attribute 
controllers. Various elements of the VPAC family 


SM~ 's chip and board-level products offer definite space, cost and performance 
advantages in a wide range of applications. 


Two of the deviCes in this family are the CRT9028/9128 VTLC and the 
CRT9053/9153 EVTLCwhich are mask programmable 
and, by also including 


the character 
generator on the chip, provide the lowest cost solution. The 


latest edition to this single-chip family isthe CRT92C07 ATLC(Advanced 
Terminal Logic Controller) which isfully register programmable 
and supports 


all the features of higher performance 
terminals, including the ability to 


emulate the DECVT100 and VT220 environments. A complete terminal can 
be built using these devices with just the inclusion of a RAM and 
microprocessor. 
One of the most popular features appearing in PC and terminal display 
interfaces isthe capability of windowing. Thisfeature isnow supported by a 
third generation CRTcontroller, the CRT97C11VIEW(Video Engine for 
Windows). Thisdevice iscapable of generating up to 127hardware windows 
on screen and provides the ability to pan images behind windows in real 
time. The overhead associated with the management 
of windows on-screen 


is highly simplified when compared 
to software techniques. 


Standard Microsystems Corporation has also spearheaded 
many 


developments 
in the areas of disk controllers and data separators for both 


Winchester and floppy disks.SMC®offers more industry standard floppy disk 
ICs than any other source. These include the FDC765Acontroller, the CMOS 
FDC72C65 and the FDC9216,FDC9229and FDC9239 seriesof data 
separators. 
Only SMC®offers the licensed industry standard FDC765Aand a patented 
high resolution digital data separator in a single Ie. Called FDC9268,this 
single chip offers designers of personal home computers the lowest cost 
floppy disk controller possible. 
Extracting the actual stored data and clock signals from the distorted and 
jittery signal provided by a disk drive, has historically required a trade off 
between data integrity and the need to use additional off-chip analog 
components which sometimes required production line adjustments. 
However, SMC®'s advanced 
Digital Floppy DiskData Separators with built-in 


write precompensation 
(like the one in the FDC9268) assure reliable data 


transfers to and from disk,even when reading and writing high density floppy 
disk on different disk drives. 
SMC®also offers the most advanced 
self-tuning Analog Floppy DiskData 


Separator for the ultimate in data integrity. The FDC92C81CMOS Dual Gain 
Analog Floppy DiskData Separator adjusts its gain automatically 
when 


attempting 
to lock to data, guaranteeing 
both optimal bit shift tolerance 


and quick locking to data. Thisresults in the greatest tolerance to bit shift in 
the industry for IBM®PCI AT®compatible 
environments. These advances in 


data separator technology 
should come as no surprise from the company 


that invented the present-day digital data separator. 
IBM®compatible 
hard disk controllers can be designed at a very low cost 


using SMC®'s HDC9234Winchester Controller Ie. Used with the HDC92C26 
Hard DiskData Separator and the HDC9223VCO, the HDC9234 may be used 
on the motherboard 
of an AT®or XT™type personal computer or on a 


separate controller card. Combined with the HDC9234,the FDC9268 Floppy 
DiskController adds floppy disk and tape backup capability to the controller 
card. 


I 


For space-conscious 
designs requiring 
a single controller 
for both 
Winchester 
and floppy 
disks, the HDC9224 is ideal. When used with the 
HDC9227, which 
performs 
data 
separation 
on data 
from both Winchester 
and floppy 
disks, and with the HDC9223 VCO, the HDC9224 provides 
a 
truly optimal 
multi-media 
controller 
for Winchester, 
floppy 
and tape 
drives. 


An embedded 
SCSI (Small Computer 
System Interface) 
disk drive, that 
sustains a continuous 
20 M bits per second 
disk transfer 
rate 
simultaneously 
across both the SCSI bus and the media, 
is possible when the 
disk controller 
is SMC®'s MSD95C02 
and the SCSI bus controller 
is SMC®'s 
MSD95COO. 
Individual 
data 
busses for processor, 
disk, and SCSI 
information 
allow 5 Mbyte 
per second 
SCSI bus transfers 
to continue 
uninterrupted 
by processor 
bus accesses. 
Zero latency 
reads, multiple 
sector 
read look-ahead, 
fully programmable 
disk format 
and error correction 
on- 
the-fly 
all contribute 
to saving disk revolutions 
and decreasing 
the disk 
access 
time. The MSD95C02 
handles 
GCR formatted 
tape 
as well, and can 
also be used in non-SCSI applications. 


SMC®'s MSD95C02 
VLSI Storage 
Controller 
is built from a set of highly 
advanced 
dedicated 
SuperCelis™. Each SuperCeWM performs 
a specialized 
function 
(e.g., DMA, Microsequencer, 
disk encoder/decoder, 
microprocessor 


interface, 
or error correction). 
By modifying 
a particular 
SuperCeWM, or by 
substituting 
a user defined 
cell, it is possible to build a peripheral 
controller 
for 
specialized 
applications 
with minimum 
modification. 
This technique 
results in 
an optimal 
solution for each 
application 
and offers the advantage 
of 
allowing 
design engineers 
to build in special 
features 
necessary 
for product 
differentiation. 


Standard 
Microsystems' 
long list of successes 
in the microperipheral 
area 
has, 


in many 
cases, allowed 
us to satisfy specific 
customer 
requirements 
by 
modifying 
our standard 
products 
offerings 
accordingly. 
As illustrated 
in our 
modular 
design approach 
to the MSD95C02, 
SMC® has gone 
a step beyond 
the Standard 
Cell by defining 
and building 
Standard 
Products 
made 
up of 
SuperCelis™. These SuperCelis™, which are highly complex 
pieces 
of logic in 
their own right, can provide 
the customer 
with a set of high level building 
blocks which 
have been defined 
specifically 
for end-user 
applications. 


SMC'" 
's CUSTOMATIONTM 
standard 
cell library and ASIC 
development 
tools are compatible 


with virtually 
all industry-standard 
workstations. 


These cells may be combined 
with other SuperCelis™, or user defined 
logic, 
resulting 
in fast turnaround, 
highly area efficient 
ASIC circuits. This approach 


offers the customer 
system level tools to which 
he can relate. It is now 


possible for Standard 
Microsystems 
Corporation 
to tailor our systems 


expertise, 
acquired 
over years of designing 
and fabricating 
standard 


microperipherals, 
to the customer's 
specific 
needs to add that additional 


measure 
of assurance 
that the best possible solution is attained. 


Improvements in Processing and 
Manufacturing 
Keep Pace with 


Advances in Semiconductors. 


With the phenomenal 
growth 
of the electronics 
industry, processing 


innovations 
are critical. 
But, if the products 
are to perform 
as designed, 
they 


also have to be reliable. 


At Standard 
Microsystems 
Corporation, 
we make 
every 
effort 
to ensure the 


highest 
degree 
of quality 
and reliability 
in our products. 
Consequently, 
"state- 


of-the-art" 
applies 
not only to our products, 
but to the manufacturing 


processes 
as well. 


Self-aligned, 
fully ion-implanted, 
short channel 
NMOS, p-well CMOS and 


n-well 
CMOS technologies 
require 
the most modern 
wafer 
fabrication 


equipment 
and 
facilities. 
Consequently, 
Standard 
Microsystems 
has 


continued 
to upgrade 
its wafer 
fabrication 
facility 
with the latest 
state-of- 


the-art 
technologies. 
Requirements 
for better 
incoming 
raw material 
quality 


control 
have 
necessitated 
the purchase 
of the latest 
KLA and 
Leitz 


inspection 
systems. The correct 
tolerances 
are achieved 
with the use of Perkin 


Elmer's scanning 
projection 
printers, ASET's 5X reduction 
steppers, 
and Tegal's 


Latest computer-controlled 
furnaces 
automatically 
regulate 
several diffusion and oxidation 


processes 
simultaneously. 
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plasma etching systems. Improvements in the clean room atmosphere of 
Standard Mlcrosystems Corporation's wafer fabrication facility and in the 
gas distribution system have been achieved. 
SMC@'s commitment 
to excellence Isfurther demonstrated 
in the use of the 


latest Sentry, Gen Rod and Megatest test equipment. Our components tests 
are derived from extensive logic simulations which ensure maximum fault 
coverage 
on each circuit. These simulations are run on our variety of in- 


house workstations as well as our VAX 11/785computer cluster system. This 
service capability allows usto make full use of the technologies we develop. 
We can produce any quantity of semiconductors customers require. What's 
more, we can provide our customers with the fast delivery times that they 
demand In today's Increasingly competitive 
environment. 


Throughout Itshistory, Standard Mlcrosystems Corporation has been at the 
forefront in the design, development 
and manufacturing 
of highly complex 
integrated 
circuits for the computer, microperlpheral and data 
communications 
fields. Breakthrough technologies such as those previously 
outlined have certainly contributed 
to our success, but even more important 


Isour ability to satisfy our customers. 
Quality isour bottom line and the responsibility of each and every employee 
at SMC@.We are constantly striving to make sure that our products' 
performance 
meets your highest expectations. 
Our unprecedented 
growth 
over the last decade 
is proof that we're doing the job. 
With five modern buildings on Long Island alone, including state-of-the-art 
design, test and wafer fabrication facilities, we have the people, resources 
and dedication to fill your design needs quickly, at competitive 
prices and 
with the highest degree of reliability. 
Design the name Standard Mlcrosystems Corporation 
into your next project. 


Our leading edge could provide just the competitive 
edge you need when 


you take your product 
to market. 


The laser cutter 
In SMC""s Special 
Analysis Laboratory 
helps isolate 
small sections 
of 


complex 
circuitry 
for investigation. 


S~ 
and 
COPtAMQS· 
ore regIStered 
trodemarks 
of Standard 
M/Crosystems 
CorlXlrofon 
ARCNEP'!s 
a registered 
IrodemOrk 
of the Doro~t 
COfpofotiOn. 


I~ 
and 
AT' are 
registered 
trademarks 
of the International 
Busness Machines 
COfporation 
Xl ". IS0 trademark 
at the InternatIOnal 
BuSIness Machines 
COfporohon. 


HIT"· and 
SuperCels'''' 
ore trademarks 
of Standard 
MlCfosystems 
Corporation. 


ETHERNEr" 
1$a trademark 
01 XerQlt CorporatIOn. 


Your Semicustom 
Design Partner. 


When your need isASIC (application 
specific 


integrated 
circuit), 
the right semicustom 
partner 


isextremely 
important. 
The success of your 


company's 
program 
isdependent 
upon 


selecting 
the ASIC vendor 
who can give you the 


service, technology, 
flexibility 
and stability 
that 


you need. 


Standard 
Microsystems 
isthat company. 


Standard 
Microsystems 
has been designing 


and building 
custom 
and semicustom 


integrated 
circuits for major corporations 


worldwide 
since 1971. Circuits designed 
by 


Standard 
Microsystems 
are used all over the 


world: in computers 
and computer 
peripheral 


equipment, 
data 
communications, 


telecommunications, 
over-the-air 
and cable N 


systems, business machines, 
avionics 
and a wide 


range 
of consumer 
products. 


Our experience 
has taught 
us that success in 


the ASIC marketplace 
demands 
a strong 


orientation 
towards 
advanced 
technology 
and, 
just as important. 
quick 
cost-effective 
response 


to our customers' 
special 
needs. 


As a company 
committed 
to serving the ASIC 


marketplace, 
Standard 
Microsystems 
has all of 


the essential 
resources: a top-flight 
staff, 


state-of-the-art 
CAD, CAE and manufacturing 


equipment 
as well as tried and proven 


procedures 
and software. We can help you 


define 
and specify all of your ASIC needs, then I 
design, fabricate, 
package, 
and test the circuits 


which 
your company 
requires, 
. 
- 
Our semicustom 
design 
system combines 
the 
technological 
advantages 
of full custom 
with 
rapid turnaround, 
low cost and virtually 
guaranteed 
first-time 
success. 


Our system, CUSTOMATION"';' combines 
a large, 


proven 
and versatile family 
of standard 
cells with 


a powerful 
set of procedures 
and software 
that 
we call STANSURE™. 
Unlike gate 
array approaches, 
CUSTOMATION™ 


provides 
an optimized 
design with little waste, 


and guaranteed 
performance. 
Yet 
CUSTOMATION™offers turnaround 
and ease of 
design that 
rivals the best gate 
arrays. In 
addition, 
CUSTOMATION™combines 
digital 
and 


analog 
building 
blocks with macrocells 
and 
SuperCells™ for microprocessor, 
micro-peripheral 
equipment. 
memory 
and other applications. 


Standard 
Microsystems 
has been at the 
forefront 
of semiconductor 
technology 
since our 


inception. 
We pioneered 
the micro-peripheral 
market 
with innovative 
standard 
products 
and 


leading-edge 
custom 
products. 
We've also 
developed 
and licensed 
many of the world's 


most advanced 
semiconductor 
process 
technologies. 
CUSTOMATION™epitomizes 
our 


forward 
thinking 
and strong service orientation. 


The CUSTOMATION™ 
Design System. 


SMC®'sLeading-edge 
ASIC 


Technology 
and 


Microperipheral 
SuperCells™ 


Combine 
to Make Your 


Competitive-edge 
Circuits. 


With CUSTOMATION~you can invent 
the semicustom circuits you need 
without reinventing the wheel. 
Everything Standard Microsystems has 
learned in over a decade 
of 


developing 
innovative standard 


products and high-performance 
ASICsisat your disposal. 


Your Place or Ours. 
The real beauty 
of our system isthat 
it puts you 


in total control 
of your design. You work at your 


own pace-at 
your own facility, 
if you wish- 
verifying 
logic through 
simulation 
every step of 
the way. 
This hands-on 
involvement 
can help reduce 


production 
costs, speed 
up turnaround 
and 
virtually 
guarantee 
that first silicon isworking 
silicon, 
Standard 
Microsystems 
will provide 
everything 


you need to perform 
the entire design 
function, 


including 
a turnkey workstation 
complete 
with 
our cell library and "industry-standard" 
software, 


formal 
classroom 
training 
on how to use the 
CUSTOMATION™design 
system and ongoing 
technical 
support. 


Once you are totally 
satisfied with your design, 


we will then use your netlist database 
for 
automatic 
placement 
and routing, 
carrying 
the 


process through 
masks, wafers and prototypes. 


Or, if you prefer, we can do the full job, 
handling 
everything 
for you from start to finish. At 


your request. we can do the job at Standard 
Microsystems' 
Hauppauge 
design 
and 
manufacturing 
facility 
or at any of our worldwide 


network 
of design 
centers. 
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A Typical Design Sequence. 
A CUSTOMATION™ 
design sequence typically 


involves the useof a progression of software 
design tools, with the output of one serving as 
the input for the next. (See flow chart.) 
Although the designer isconstantly monitoring 
this process, he isnot actually "in line." Therefore, 
problems due to human error are almost 
completely eliminated, virtually assuring 
first-time success. 


I System Conception 
I 


I 
Chip Definition 


I Logic Design and Simulation 
I 


I Automatic 
Layout 
I 


I Mask Be Wafer Fabrication 
I 


I TestBe Packaging 
I 


Finished Product 
I 


Process Technology 
You Can Count On. 
Thecornerstones of the CUSTOMATION™ 
technologies are our production-proven 
1.6,2 
and 3 micron, silicon-gate CMOS processesthat 
are compatible 
with the design rulesof several 
other major semiconductor manufacturers. 
A Library of Best-sellers. 
Thereare hundreds of cells in the CUSTOMATION™ 
cell library, including a complete array of 74LSSSI 
and MSllogic functions, and a large and 
growing number of analog cells, macrocells and 
SuperCellsT~Thedesign system storesthe cell 
layouts, logical models and performance 
characteristics of each cell in itsdatabase. 
Because most of our standard cells emulate 
74LSlogic functions, many of your design 
engineers should already be familiar with them. 


We are always prepared to develop new cells 
to meet your specific requirements. Fordigital 
applications this might include special counter 
cells or special I/O buffers.Analog applications 
often require customized cells for your particular 
requirements. 


UARTTool-Kit 
UARTBuilding Cell-Set 


Manchester SuperCell'M 
Encoder/Decoder 


RTCSuperCell™ 
Real Time Clock 


PC-KBRDSuperCell™ 
PC Keyboard 
Interface 
Controller 


SCSISuperCell'M 
SCSIInterface 
Controller 


IBM"'5250 TWINAX 
5250 Interface 
Controller 


8250 SuperCell'M 
UART 


8259 SuperCell'M 
Programmable 
Interrupt Controller 


8254 SuperCell™ 
Programmable 
Interval Timer 


6845 SuperCell™ 
CRTController 


8237 SuperCell'M 
DMA Controller 


TIMERSuperCell™ 
Master Timer 


FDDSSuperCell™ 
Data Separator 


65CX02 SuperCell'M 
65C02 Core Microprocessor 


RAM SuperCell™ 
Modular 
RAM (512 bits/block) 


ROM SuperCell'M 
Modular 
ROM (512 bits/block) 


VCO SuperCell™ 
Voltage 
Controller 
Oscillator 


555 SuperCell™ 
555 Timer 


DTMFSuperCell™ 
DTMFTone Generator 


ATODSuperCell'M 
8-Bit Analog 
to Digital Converter 


You can feel totally 
confident 
about 
the 
performance 
of the CUSTOMATIONlMcells, too. 
They are thoroughly 
characterized 
and have 
been 
used successfully 
in numerous 
applications. 
Before a cell can be added 
to our 


library, it is completely 
modeled, 
characterized, 
tested 
and "certified." 
Standard 
Mlcrosystems 
isalso dedicated 
to 


incorporating 
more micro-peripheral 


SuperCellslM into the library. These currently 
encompass 
such functions 
as ROMs, RAMs, UART 


"Tool-Set;' 8250, 8259 BRG, Manchester 
Encoder/Decoder, 
555 RC Oscillator, 
Real time 


clock, 
DTMFencoder, 
RLLdecoder, 
SCSI 


interface, 
floppy 
disk digital 
data 
separator, 
counter/timer, 
and A to D converter. 


CUSTOMATION™ CELL 
LIBRARY PERFORMANCE 


Voltage: 3V to 10V 
Temperature: -55°C 
to + 125°C 
Speed: DC to 50 MHZ 
Process:2/1DLM & 3/1SLM 
CMOSSIGATE 


I/O: m& CMOS Compatible 
Fanout: Capacitive 
Loading 


Restricted 
Only 


Delay: <1.1 NSEC Typical 


In addition 
to the customized 
layout 
of cells, 


we've also helped 
pioneer 
the use of "soft- 


macrocells;' 
which 
are the implementation 
of 


large logic blocks through 
the stored 


interconnection 
of more basic "core cells." 


By using standardized 
core cells and "soft- 


macrocells," 
digital 
designs presently 
fabricated 
in one technology 
are easily portable 
to 


next-generation 
processes. This means your 


design will never become 
dated 
or obsolete. 


Industry-standard 
Software. 


CUSTOMATION™utilizes software 
that provides 
a 


well-proven 
package 
of design 
aids which 
your 


engineers 
will be comfortable 
using. If you wish, 


the entire package 
can be licensed 
through 


Standard 
Microsystems. 
We think you'll find our software 
to be 


comprehensive, 
easy to use and incredibly 


powerful. 
Netlists developed 
on any workstations 


supported 
by Standard 
Microsystems 
can be 
transported 
quickly 
and easily to any other. Logic 


can also be simulated 
on any workstation. 
Our software 
;sdesigned 
to virtually 
guarantee 


that your chip will work the first time, every time. 
We not only provide 
schematic 
capture, 
but 


logic simulation, 
timing 
analysis and automatic 


test program 
generation 
as well. 


Ongoing 
Technical 
Support. 


As a CUSTOMATIONlMuser, you'll receive 
continuing 
technical 
support 
from Standard 
Microsystems. 
Our applications 
engineers 
are 
seasoned 
professionals 
who can provide 
prompt, 


expert assistance 
from our home office or 
regional 
sales offices. One such applications 
engineer 
will be personally 
assigned 
to your 
program 
to assist you with any problems 
that 
may arise during 
the actual 
course of 
development. 


Standard 
Microsystems 
has a particularly 
strong applications 
expertise 
in data 
communications, 
video displays, disk controllers 
and small computer 
peripherals. 
Over the course 
of our history, we've 
introduced 
a number 
of 
breakthroughs 
in the CRT.floppy 
disk, hard disk 


and data 
communications 
areas. 
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Fast Turnaround. 
Nowhere 
isthe adage, 
"time 
is money", 
more 
applicable 
than 
in semicustom 
design. The 
faster you develop 
your ASICs, the faster you can 
get your products 
to market. 
In today's 
fast 
paced, 
highly competitive 
electronics 
industry, 


that can mean 
the difference 
between 
success 


and failure. 
With CUSTOMATION,TMwe can usually supply 


working 
prototypes 
within 
eight weeks of receipt 
of your signed-off 
netlist. Of course, design 
time 
and logic simulation 
isdependent 
on how fast 


you work. 
With an experienced 
designer 
using 
CUSTOMATION,lMfront-end 
design 
should take 
approximately 
12 weeks. (Both design 
and 
prototype 
development 
cycles are based 
on a 
3000-gate 
equivalent 
chip design.) 


Firm Pricing. 
Standard 
Microsystems 
will calculate 
and 
commit 
to both a development 
cost and a 
production 
price for your CUSTOMATIONlMchip 
based 
on your design 
specifications. 
So you will 


know your exact 
production 
costs before you 
undertake 
the design. 
Furthermore, 
you will never 


pay for computer 
time or any other "uncapped" 


charge. 


Unit cost, of course, depends 
on a variety 
of 
factors: gate 
count, 
complexity 
of interconnect, 


package 
cost and performance 
requirements. 
A 


CUSTOMATION™design, 
however, almost 
always 


results in a smaller die size than a comparable 
gate 
array design. 


Our cell library also includes 
RAM, ROM 


Microprocessor, 
UARTand many other 
SuperCells,TMas well as analog 
functions 
that are 


not available 
on gate 
arrays. This can lower 
prices when you get into volume 
production. 


Your system will have fewer ICs compared 
to MSI, 


gate 
array or microprocessor-based 
designs, 


resulting 
in lower assembly 
costs, lower power 


consumption 
and enhanced 
reliability. 
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WHY STANDARD CELL? 


Standard 
Cell vs. Full Custom vs. Gate Array 


Design 
Design 
UnitCost 
Min 
Method 
NRE 
Cycle 
Ratio 
Qty/Yr 
Gate 
Array 
$9K-$20K 
6-15Wks 
1.20 
0.5K-45K 


Standard 
Cell 
$12-$25K 
8-15Wks 
1.00 
5K-10K 


Full 
Custom 
$80K-$125K 6-18 Mths 
0,80 
100K 


Guaranteed 
Success. 
With CUSTOMATION/Myou're virtually 
guaranteed 
first-time 
success. We've designed 
our system for 


outstanding 
accuracy 
with a number 
of 
strategic 
checkpoints 
to find and eliminate 
problems 
before your circuit 
isfabricated. 


We also offer the following 
guarantee: 
Standard 
Microsystems 
will bear the cost of any 
design 
iteration 
that is required 
as a result of any 


error in cells, utilities and design 
tools comprising 
the CUSTOMATlON'M system. 


DAY1 OVERVIEW 
Introduction 
and Goals 
Workstation 
Operating 
System 
Workstation 
Familiarity 
Workstation 
Laboratory 
DAY2 SCHEMATIC ENTRY 
Cell Library 
Schematic 
Entry 
Design for Ease of Test 
Schematic 
Entry Laboratory 
DAY3 SIMULATION 
Stimulus File Generation 
STANSURE™ 
Tester Considerations 
Simulations 
Laboratory 
I 
DAY4 SIMULATION 
Test Vector Extraction 
Advanced 
Simulation 
Language 
Fault Analysis 
Simulation 
Laboratory 
II 


DAY 5 REVIEW 
Review of Procedures 
Review of Results 


Comprehensive 
Training. 
If you elect to design your own ICs, Standard 
Microsystems 
can quickly 
teach 
you to create 


cell-based 
circuits 
using CUSTOMATION™ 


whether 
you've 
had previous semicustom 
design 


experience 
or not. 
At our plant 
in suburban 
New York, 
conveniently 
located 
just 8 miles from Long 


Island's MacArthur 
Airport, we conduct 
classes 


for all skill levels, tailoring 
our instruction 
to your 


particular 
needs and experience 
level. We cover 


all phases of design, and you'll work on an 
actual 
CUSTOMATION™workstation 
to get hands- 


on experience 
and sharpen 
your design 
technique. 
Your instructors are Standard 
Microsystems' 


engineers 
who are not only experts in IC design, 


but have a wealth 
of experience 
working 
with 


customers 
to meet their custom 
and peripheral 
controller 
needs. 
We'll also assign a staff engineer 
who will 
personally 
oversee your progress and provide 


valuable 
insights that will ensure your design 


success. You'll complete 
our training 
session 


poised, confident 
and ready to produce 
useable 


designs utilizing 
CUSTOMATION,TM 


A Total Commitment. 
In addition 
to the many capabilities 
already 


touched 
on, Standard 
Microsystems 
offers many 


others that clearly 
indicate 
our technical 
prowess and commitment 
to the custom/ 


semi-custom 
marketplace, 
For example, 
we provide 
MIL-STD-883B 
screening, 
We have the ability 
to test circuits 
up 


to 40 MHz using our GenRad™ and Sentry" 
testers. 


We not only offer the industry-standard 
Dual-In-Line 
Package 
(DIP), but can provide 


J-Leaded 
chip carriers (28 to 84 pins) in both 


plastic 
and ceramic, 
We can also supply pin-grid 


arrays for higher pin count 
requirements, 
Standard 
Microsystems 
also has been actively 


involved 
in the development 
of a true "Silicon 


Compiler," 
Most so-called 
compilers 
are actually 


silicon "assemblers" 
which 
simply optimize 
the 


layouts of existing designs. At Standard 
Microsystems, 
however, we are using systems to 


compile 
the actual 
circuit 
design, not just the 


layout. 


We input circuit 
requirements 
to our compiler 


in the form of equations 
or algorithms 
which 
reflect the actual 
logical 
and arithmetic 


functions. 
The compiler 
then outputs 
a 
completely 
minimized 
circuit 
netlist using our 


standard 
cell functions. 


Outstanding 
Checks 
and Balances. 


The heart of the CUSTOMATION™design 
system, 


STANSURET~isa system of interrelated 
procedures, 
programs 
and data 
files that 
convert 
your input data 
into a working 
integrated 
circuit. 
The STANSURE™system is 


designed 
to maximize 
the probability 
that all 


circuits designed 
using the CUSTOMATION™cell 
library will be "first time" 
successes. 
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TheSTANSURE""system of procedures 
consists of 
the following 
elements: 


STANNETTM:the STANNE"flM 
family of programs works 


with the workstation based schematic capture 
tools to convert the resulting netlists into a 
common database format and verifiesthe 
results.Also included in the STANNE"flM 
family are 


the STANROM™and STANRAM™ROMand RAM 
memory generators. 
STANSIMTM:provides logic simulation, interfaces 
between the workstations and back annotation. 
STANTIMETM:timing verification programs 
calculate and display the propagation 
delays 


(rise and fall times) of each circuit element. The 
STANTIME""programs may be run before and 
after layout. Theywill also calculate the 
cumulative propagation 
delays of each path on 


the design. 
STANCOMp™: provides the chip layout and 
design rule checking functions. Further,it 
provides the capability of checking the netlist 
extracted from the layout with the logical netlist 
to assurethe correctness of the layout data. 
STANWIRE'M:produces a wirewrap breadboard 
from the logical netlist of any circuit designed 
using the 74LSfamily of CUSTOMATION™ 
cells. 


STANTESTTM: 
produces Sentry"or GenRad™ 


compatible 
test files from the simulation vectors. 
TheSTANFAULT'Msystem of fault grading ensures 
that your simulation will completely check the 
logic. Thetest program isthen automatically 
generated from the proven simulation files.This 
ensuresthat your custom design will be 
adequate for tomorrow's demanding 
quality 


standards. 


A Complete TurnkeyWorkstation. 
Standard Microsystems offersa complete set of 
design tools, everything you need to develop 
your circuit from start to finish without ever 
leaving your facility. Our tools combine high 
performance and user-friendly operation. What's 
more, our standard cell library and circuit 
development tools are currently compatible 
with 


virtually all industry-standard workstations, 
including the IBM"PC(no hardware 
modification required with the VIEWlogic" 
Workview""software), DaisyT~Mentor Graphics™ 
Valid™Logic, and VAX."(Note: VAX" hardware is 
supported through the use of IBM" 
PC/compatible-based 
VIEWlogic™graphic 


front-end systems.) 
Ifone of these workstations isnot your preferred 


model, check with Standard Microsystems.We 
are constantly enhancing our software to 
support other workstations and mainframes. 


~ C~c~itSimuiation'" 


Detailed and proven simulation models for 
each supported workstation. 
~ Timing Analysis Package 
A supplement to workstation capabilities 
which performs detailed analysis of 
propagation 
delays for each circuit path and 
node throughout the design. 


~ Automated 
Test Program 
Extraction 
Standard Microsystems' software rapidly 
compiles ICtest program files based on 
simulation data. 
~ Complete 
"How To" Documentation 
Design and Simulation Instruction Manual 
dedicated 
to your specific workstation. 


Ifyou like,we'll even install the CUSTOMATION"" 
cell library and software on your workstation, at 
your facility. 
The Right Company 
Forthe Job. 
Standard Microsystems isthe right sized 
company for all of your ASICneeds. With five 
modern buildings housing 250,000sq.ft. on our 
30-acre Long Island, N.Y.site,we have the 
resources,including state-of-the-art wafer 
fabrication, assembly, design and test, to bring 
your program in on time, within budget and with 
remarkable results. 
Yet we aren't too large. We can work with you 
in the way that you desire, to provide the results 
that you need. 


Our 16years of ASICexperience has taught us 
that service, support and communications 
are 
the keysto successful ASICdevelopment. So,we 
open a direct pipeline to you and keep it open 
throughout the entire development and 
production program. 


We've established an environment that 
stimulates creativity while encouraging 
adherence to pragmatic objectives. Our 
intensive research and development 
efforts have 


resulted in over 30 patents, and a listof licensees 
that isvirtually a "who's who" of the 
semiconductor Industry. 


We monitor each project very carefully. Strict 
scheduling via program management 
and 
frequent customer contact has become the 
hallmark of our CUSTOMATION""program. 


Just as important, we have a track record of 
success.Numerous testimonials from satisfied 
customers are proof of our ability to perform. 
Quite simply,we make no promises we can't 
keep. 
Formore information or to get started with 
CUSTOMATIONT~ 
call your nearest Standard 
Microsystems regional office. Or contact 
Standard Microsystems Corporation, Custom 
Marketing Department, 35 Marcus Boulevard, 
Hauppauge, NY11788.(516) 273-3100. 
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SMC® CUSTOMATION'M STANDARD 
CELL UBRARY 


CELL NAME 
DESCRIPTION 


LOGIC GATE CELLS 


LSDO 
2-lnput 
NAND Gale 


LS02 
2·[npul 
NOR Gale 
LS04 
Inverter 


LS08 
2-lnput 
AND Gale 


LSIO 
3·lnpul 
NAND G<lle 


LSII 
3-lnpul AND Gale 


LSZO 
<I-Input NAND Gale 
LS21 
4 Input 
AND Gale 


L.S25 
4-lnput 
NOR Gate with 
Strobe 
LS27 
3-lnput 
NOR Gale 
LS28 
2-lnput 
NOR Gale 
with 
Buller 
L.S30 
8-lnput 
NAND Gale 


LS32 
2-lnput 
OR Gale 


L.S37 
2-1nput 
NAND Gate with 
Buffer 


l..S40 
4-lnput 
NAND 
Gate with 
Buffer 
LS51A 
2·Wide, 
2-1nput 
AND·OR-Invert 


Gate 


LSSI B 
2-Wide. 
3·lnpul 
AND-OR-Invert 


Gate 
LS54 
4-Wide, 
2-lnput 
& 3·[npul 


AND-OR-Invert 
Gale 
LS55 
2-Wide, 
4-lnput 
AND-OR-Inver! 


Gate 
LS64 
4-2-3-2 Input 
AND-OR-Invert 


Gate 
LS86 
2-1npul 
Exclusive 
OR (XOR) 


Gate 
LSl33 
13-lnput 
NAND 
Gale 
LS134 
12·[nput 
NAND Gate with 


3·Slale Output 
LS260 
5-Jnput 
NOR Gate 
LS266 
2-Jnput 
Exclusive 
NOR (XNOR) 


Gate 


LlI25 
LlI26 
Ll240 
Ll242 
Ll243 
LS244 
Ll245 
Ll265A 


Ll265B 


Ll365 
Ll366 
Ll367 


Ll368 


SHIfT 
REGISTER 
CELLS 


LS95 
4-Bit Parallel 
JlO, Serial 
Input 
Lefl/Right 
SR 


LS164 
8-Bit 
Parallel 
Output 
Serial 


Input 
SR 
w/Clear 


LS166 
8-Bit Parallel/Serial 
Jnput. 


Serial 
Output 
SR Clear 


LS178 
4-Bit Universal 
Shift 
Register 


LS179 
4-Bit Universal 
SR with 
Async 
Clear 


LSI94 
4-Bit 
Bidirectional 
Universal 
SR 
w/Clear 


LS195 
4-Bit Parallel 
Inpul/Output 
SR 


w/Clear 
LSI98 
8-Bit Bidirectional 
Universal 
SR 


wlClei:lr 


LS295 
4-Bit Universal 
Shift 
Register 


LS395 
4-Bit Universal 
SR w/Async 


Clear, 3-State Outputs 


fLIP-fLOP 
CELLS 


LS73 
J-K Flip Flop with 
Clear 


LS74A 
0 Flip Flop with 
Set & Reset 


LS76A 
J-K Flip Flop 


LS174 
Hex 0 Flip-Flop 
with 
Direct 


Clear 


LS175 
Quad 
0 Flip-Flop 
with 
Direct 


Clear 


LS374 
Octal 
0 Flip-Flop 
with 
3-State 


Output 


LS377 
Octal 
D Flip-Flop 


LATCH CELLS 


L$75 
Ll77 
L\IOO 
LlI16 


Ll375 


Dual Transparent 
Latch 
Dual Transparent 
Latch 
Quad Transparerlt 
Latch 
Quad Transparent 
Latch '••..ith 
Clear 
Dual Transparent 
Latch 


MULTIPLEXER/SELECTOR 
CELLS 


LS 151 
8: I Multiplexer 
with 
Strobe 


LSI52 
8:1 Multiplexer, 
Inverting 
LSI53 
4:1 Multiplexer 


LSI57 
Quad 2:1 Multiplexer 


LSI58 
Quad 2:1 Multiplexer. 
Inverting 
LS253 
4: I Multiplexer. 
3-State Output 


LS352 
4:1 Multiplexer, 
Inverting 


LS353 
4: I Multiplexer. 
3-State. Inverting 
MUX2TO 
I 
2: 1 Multiplexer 
Cell 


COUNTER CELLS 
LSI63 
4-Bit Synchronous 
Binary 


Counter 
LSI69 
4-Bit Synchronous 
Binary 
Up Down 
Counter 


DECODER/ENCODER 
CELLS 


LSI38 
3:8 Decoder 
with 
Enable 


LS139 
2:4 Decoder 
with 
Enable 


LSI48 
8:3 Priority 
Encoder 


ARITHMETIC 
OPERATOR CELL 


LS83 
4-Bit 
Full Adder 
LS283 
4-Bit 
Full Adder 
LSI83 
Full Adder 


GATE CELLS 


AND8 
AOl211 
AOl22 
AOl31 
EXNOR 
EXOR 
HBUF 
HBUFL 
MBUF 
INBUF 
INV 
INV3·0UTJNV 
OUT[NVL 


JOBUF 
IOBUFL 
OLYCEL 
NAN2 
NAN3 
NAN4 
NAN5 
NOR2 
NOR3 
NOR4 
OR8 
OAI22 
OAI31 
INVT 
'BUF 


8 Input 
AND Gate 
2-1-1 AND-DR-Invert 
2-2 AND,OR.-Invert 
3-1 AND-OR-Invert 
Exclusive 
NOR Gate 


Exclusive 
OR Gate 


High 
Drive Buffer 


Large High 
Drive Buffer 


Medium 
Drive Buffer 
Input 
Buffer 


Inverter 
High 
Drive INV/Output 
Buffer 
Large Inverting 
High 
Drive 


Output 
Buller 
Input 
Output 
Buffer 


Large 1/0 
Buffer 


Delay 
Cell 
2 Input 
NAND Gate 
3 Input 
NAND Gate 


4 Input 
NAND Gate 
5 Input 
NAND Gate 
2 Input 
NOR Gate 
3 Input 
NOR Gate 


4 Input 
NOR Gate 
8 Input 
OR Gate 
2-2 OR-AND-Invert 
3-1 OR-AND-Invert 
Inverting 
3·State Driver 


Non-Inverting 
3-State Driver 


LATCH & fLIP-fLOP 
CELLS 


CCND 
Cross Coupled 
NAND Latch 


CCNR 
Cross Coupled 
NOR Latch 


OFF 
0 Flip Flop 


DFFR 
0 Flip Flop with 
Reset 
DFFRS 
0 Flip Flop wlSet 
& Reset 


JKFF 
J-K Flip 
Flop 
LAT 
Transparent 
Latch 
LATBUF 
3-Stateable 
Transparent 
Latch 


LATR 
Transparent 
Latch with 
Reset 
SRBN 
Shift 
Register 
UDC 
Up/Down 
Counter 
PCL2 
n.... 
o Phase Clock 


ANSW 
CBGX 
DSI216 
051218 
051238 
DSI323 
051527 
051728 
052028 
052232 
05CP 
POR 
PORLC 
VCMI 
VCM2 
VCM.1 
OPAMP 
cm..1POS 


COMPG 


PAD CELLS 
INPD 
IOOP048 


JOPD2S 
IOP04 
IOPD4S 
IOP08 
IOPOl6 
IOP024 
IPPD4 
IPP08 
ODPD4 
OOP08 
OOPOl6 


OOP048 


ONP04 
ONP08 
OP04 
OP08 
OPOl6 
OP024 
OPPD4 
OPP08 
PU30 
PD30 


Analog 
Switch 
Current 
Bias Generators 


Schmitt 
Trigger 
(1.2-1.6V) 


Schmitt 
Trigger 
(1.2-1.8V) 


Schmitt 
Trigger 
(1.2-3.8V) 


Schmitt 
Trigger 
(l.3·2.3V) 


Schmitt 
Trigger 
0.5·2, 
7V) 


Schmitt 
Trigger 
(I.7-28V) 


Schmitt 
Trigger 
(2.0-2,8V) 


Schmit! 
Trigger 
(2.2·3,2V) 


General 
Purpose 
Oscillator 
Power On Reset 
Low Current 
Power On Reset 
Voltage 
Reference 
(50uA) 


Voltage 
Reference 
(lOQuA) 


Voltage 
Reference 
(200uA) 


General 
Purpose 
Operational 
Amplifier 
High 
Speed 
Low Power 


Comparator 
General 
Purpose 
Comparator 


Input 
PAD 
48mA 
InputiOpen-Drain 
Output 
Pad 
2mA Split 
P·ChanneJ [/0 
PAD 
4mA 
Input/Output 
PAD 
4mA Split 
P-Channel 
110 PAD 
8mA Input 'Output 
PAD 
16mA 1/0 Pad 
24mA 
10 
Pad 


Input 
PAD with 
400uA 
PulJup 


Input 
PAD with 
800uA 
Pullup 
4mA 5V Open-Drain 
Output 
PAD 
8mA 5V Open 
Drain 
Output 
PAD 


16mA 5V Open-Drain 
Output 
Pad 
48mA 
SV Open-Drain 
Output 


Pad 
4mA 7V Open-Drain 
Output 
PAD 


8mA 7V Open-Drain 
Output 
PAD 


4mA Output 
PAD 
8mA Output 
PAD 
16mA Output 
Pad 
24mA 
Output 
Pad 
4mA 3-State Output 
PAD 
8mA 3-State Output 
PAD 
P-Channel 
Pullup 
N-Channel 
Pulldown 


SUPERCELLS'" 
: 


UART Tool-Kit 
UART Building 
Cell-Set 
Manchester 
Encoder 
Decoder 
SuperCel1 T~ 


RTC SuperCell 
,. 


PC-KBRO 
SuperCel1 T" 


SCSI SuperCell 
'" 


lWINA.X 
SuperCell'" 


8250 SuperCe1J r~ 
8259 SuperCell 
r~ 


8254 SuperCell'~ 


6845 SuperCeJl 
r~ 


8237 SuperCelI 
r~ 


TIMER SuperCell'~ 
FDDS SuperCell 
r~ 


65CX02 
SuperCellT~ 


RAM SuperCel1'~ 


ROM SuperCell'~ 


VCO SuperCel1'~ 


555 SuperCell'~ 
DTMF 
SuperCeJl'" 


ATOD SuperCel1 T~ 


Real Time 
Clock 
PC Keyboard 
Interface 


Controller 
SCSI Interface 
Controller 
5250 Interface 
Controller 


UART 
Prog, Jnterrupt 
Controller 
Programmable 
Interval 
Timer 
CRT Controller 
DMA Controller 
Master 
Timer 


~ttoit~::tor 


Microprocessor 
Modular 
RAM (512 
bits 
block) 
Modular 
ROM (512 
bits 
block) 


Voltage 
Controlled 
Oscillator 
555 Timer 
DTMF Tone Generator 
8·Bit Analog 
to Digital 
Converter 


STANDARD MICROSYSTEMS 
CORPORATI0'it~ 
_ 
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IBMI5 is a registered 
trademark 
of the International 
Business 
Machines 
Corp" VIE~lo~ic'" 
is? 
registered 
trademark 
of Viewlogic 
Corp .. DAISY'· 
is.a regis.tered trademark 
of Daisy Systems 


~o~p~e~~tc~~;~~~~t~;: 
ijs ~ r:eg~rst:;;:e~t~:a~~~a;rkk~f ~~~~~~~~~P~:~LT1f~~M~a~I?S': 
l~e:i~~i:~~e~;:d~~a~~~fksf1n~a1~~ 
~~~~~~;,~~; 
~~;p. :~~~ttr,:~ls~~~g~d,;~s{~~8A~\~~. 
S~ANNET'M, STANSJM'~, STANTIME'~, 
STANCOMP'~. 
STANW[RE'~ 
and SuperCelltM are trademarks 
of Standard 
Microsystems 
torp., 
GenRad'M IS a trademark 
of GenRad Inc., Workvrew'M 


is a trademark 
of Viewlogic 
Corp 


STANDARD MICROSYSTEMS 
CORPORATION" 
• 
Quality Assurance 
and Quality Control 


Volume 
manufacturing 
of quality 
products 
requires 
a 
rigorous commitment 
by Standard 
Microsystems 
and all 
of its employees. 
Each 
phase 
of the operation 
from 
design 
to shipping 
must 
conform 
to documented 
procedures 
which 
have 
created 
a product 
of proven 
reliability. 


The design of a reliable product is assured by adherence 
to tested and proven design rules. Any change in design 
rules must be evaluated 
using a design-rule 
test vehicle. 
Each new product 
is evaluated 
first by prototype 
wafer 
runs and thorough 
preliminary 
production 
and device 
characterization. 


Manufacturing 
is monitored 
by Quality 
Control. 
They 
insure that parameters 
meet specifications 
on incoming 
material, within the line and at outgoing inspection. 
They 
are responsible 
for monitoring clean room standards and 
work methods. 


The 
Quality 
Assurance 
Department 
is the 
customer 
representative. 
They have the primary 
responsibility 
of 
insuring 
that products meet current industry 
standards. 
They 
also 
evaluate 
developmental 
processes 
and 
products, 
and perform equipment 
calibration. 


The following is a more detailed description 
of how SMC® 
is organized 
to produce quality products. 


1.0 
Scope 
The 
measures 
taken 
by 
SMC® 
to 
produce 
reliable 
integrated 
circuits 
and the assembly/screening 
options 
available to the customer 
are given in this section. 


2.0 
Approach 
Factors relating to quality and reliability 
are discussed 
in 
the forrowing 
order: documentation, 
pacKage options. 
screening, 
test and characterization, 
quality monitoring, 
reliability 
assessments, 
and record keeping. 


3.0 
Applicable Documentation 
SMC® 
internal 
specifications 
define 
every 
phase 
of 
manufacturing 
from 
product 
development 
through 
production 
and must be approved 
by the designated 
representatives 
of Engineering, 
Manufacturing, 
Pro- 
cessing, 
Quality 
Control 
and 
Quality 
Assurance 
departments. 


3.1 
Design Rules 
3.1.1 
Geometric 
design 
rules define 
layout consider- 
ations' 
alignment 
structures, 
critical-dimension 
targets, 
and input/output 
protection 
networks. 


3.1.2 
Electrical 
design 
rules 
define 
performance 
criteria, measurement 
methods, device parameters, 
and 
process parameters. 


3.2 
Procurement Specifications 
All critical material is purchased 
to SMC® specifications 
from qualified vendors. 


3.3 
Process Specifications 
3.3.1 
The procedures 
used for wafer processing 
and 
assembly 
of microcircuits 
are fully documented. 


3.4 
Quality Control Procedures 
QC 
procedures 
define 
the 
sampling 
techniques, 
accept/reject 
criteria 
and test methods 
used in quality 
audits. 


3.5 
Quality Assurance Procedures 
QA 
procedures 
define 
methods 
for 
product/process 
qualification, 
reliability testing and failure analysis. 


3.6 
Military Standards and Specifications 
Where applicable, 
SMC® specifications 
are based on the 
following 
Military Standards: 


MIL-C-45662 
MIL-I-45208 
MIL-M-38510 
MIL-M-55565 
MIL-STD-105 


Calibration 
System Requirements 
Inspection 
System Requirements 
General Specification 
for Microcircuits 
Packaging 
of Microcircuits 
Sampling 
Procedures 
and Tables for 
Inspection 
by Attributes 
MIL-STD-883 
Test Methods and Procedures 
for 
Microelectronics 
MIL-STD-1331 
Microelectronics 
Terms and 
Definitions 
MIL-Q-9858 
Quality System Requirements 


4.1 
Ceramic 
Gold 
plating 
on external 
leads 
and 
die 
cavity, 
gold 
eutectic die attach. 


4.2 
Cerdip 
Meets MIL-STD-883 
internal moisture content require- 
ments of Method 5005. Substrate connections 
are made 
through jumper chips, gold eutectic die attach. 


4.3 
Plastic 
The plastics 
used are SMC® approved 
low stress, low 
mobile ion compounds. 
SMC® offers Plastic Dual Inline 
(PDIP), 
Small 
Outline 
Integrated 
Circuit 
(SOIC), 
and 
Plastic Leaded Chip Carrier (PLCC) Packages. 
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5.0 
Screening Options 


5.1 
High-Reliability 
Screening 
The routing is as defined in MIL-STD-883 
Method 5004 
for Class B product. Periodic Quality Conformance 
data 
(para. 9.2) is taken on generically 
similar parts. A sample 
flow chart for high-reliability 
ceramic 
product is given at 
the end of this section. 


5.1.1 
Internal Visual 
Both die visual and preseal visual inspections 
are to the 


criteria of Method 201 0, Condition B of MIL-STD-883. 
An 
AQL audit is performed 
on each lot by Quality Control. 


5.1.2 
Stabilization 
Bake 


All parts are given the stabilization 
bake according 
to 
Method 1008, Condition C of MIL-STD-883. 


5.1.3 
Temperature 
Cycling 
All parts are subjected 
to 10 cycles of -65°C to + 150°C 


per Method 1010, Condition C of MIL-STD-883. 


5.1.4 
Constant Acceleration 


All parts are subjected 
to a 30,000 
g force 
in the Y1 
orientation 
per Method 2001, Condition 
E. 


5.1.5 
Seal 
Hermeticity 
testing is performed to conditions 
A and C of 
MIL-STD-883 
Method 1014. 


5.1.6 
Pre Burn-in 
Electrical Test. 


Ordinarily this is the same as final electrical test. 


5.1.7 
Burn-in 
Condition 
A and Condition 
D of MIL-STD-883 
Method 
1015 are available. The stress is applied for 160 hours at 
125°C or at other temperatures 
according 
to the time- 
temperature 
regression. 


5.1.8 
Final Electrical Test 
Verifies 
functional 
and parametric 
performance 
to the 
device specifications. 


5.1.9 
Final Visual Inspection 
All parts are inspected to Method 2009 of MIL-STD-883. 
5.2 
Standard Screening 
Standard 
Screening 
is designed 
for the industrial- 


commercial 
customer 
and is available 
in all package 


types. 
For hermetic 
packages, 
temperature 
cycling, 
centrifuge 
and hermeticity 
are specified 
as well as die, 
preseal, and final visual inspection. 


5.2.1 
Standard 
Die 
and 
Preseal 
Visual 
Inspections 


(AC-04, AC-08, AD-98, AD-90, 
AP-98, AP-92, QC-32, 
QC-33). 


These inspections 
were developed from Method 2010 of 
MIL-STD-883. 
The 
inspection 
criteria 
are specific 
to 
SMC's® 
PMOS, 
NMOS 
COPLAMOS® 
and CMOS 


technologies. 


5.2.2 
Temperature 
Cycling (AC-15, 
AD-86) 
Temperature 
cycling is performed to the MIL-STD-883, 
equivalent 
of Method 1010 Condition C, -65°C/ 
+150°C, 
ten cycles. 


5.2.3 
Constant Acceleration (centrifuge) (AC -16, AD -85) 
Constant 
Acceleration 
is performed 
to the MIL-STD- 
883, equivalent 
of Method 2001, Condition 
E, 30,000 g in 
the Y1 orientation. 


5.2.4 
Hermeticity 
(AC-11, 
AD-84) 
This screen includes fine and gross leak testing to SMC® 
equivalent 
of MIL-STD-883 
Method 1014 Conditions 
A 


and C. 


5.2.5 
Final Electrical Test 
This test verifies functional 
and parametric 
performance 
to the device specifications. 


5.3 
Custom Screening 
Certain applications 
require special screening which can 
be arranged upon request. 


6.0 
Electrical Test 
Test areas for wafer probe and final test are equipped with 
temperature, 
humidity and air-ionization 
control for ESD 
protection 
and test repeatability. 


6.1 
Probe and Final Test 
SMC® test programs are developed 
by Test Engineering 
and verified 
by device 
characterization. 
An approval 


procedure 
is required 
for the transfer 
of a new test 
program 
or a revised test program 
from engineering 
to 
production. 
6.2 
Characterization/correlation 
Characterization 
of parts and correlation 
of test results 
with customer 
incoming testing performed on SMC® test 


equipment, 
including 
Megatest'· 
and Sentry®, 
and 
GenRad'· 
test systems. 
6.3 
Product Engineering 
SMC® product engineers 
characterize 
parts to improve 


processing 
target parameters 
and test correlation 
with 
customers. 
7.0 
Purchased Material 
Manufacturing 
materials 
are purchased 
from qualified 
vendors to SMC® procurement 
specifications. 


8.0 
Quality Control 
The 
Quality 
Control 
Department 
reports 
to the 
Vice 
President 
of Quality 
Assurance. 
QC is responsible 
for 


incoming 
inspection, 
in-process 
audits, 
out-going 
in~pection, document 
control, processing 
returned 
ma- 


terial and certification 
of compliance 
to specification. 


8.1 
Incoming Inspection 
Inspectors 
verify critical parameters 
on all material used 


in 
manufacturin9. 
The 
department 
maintains 
an 
approved 
vendor list and interfaces 
directly with vendor 


QC departments. 
8.2 
In-process Audits 
QC 
performs 
an 
on-going 
monitoring 
of 
wafer 
processing, 
test and assembly 
functions. 
8.3 
Outgoing Audit 
QC inspectors 
verify proper documentation 
and perform 
an external 
mechanical/visual 
inspection 
prior 
to 


shipment. 
8.4 
Document Control 
All procedures 
for desi9n, wafer processing, 
assembly, 


quality control and quality assurance 
are maintained 
by 
document 
control. 


8.5 
Returned Material Processing 
Returned 
material, 
whether 
for device 
performance 
or 
clerical 
reasons, 
is processed 
through 
visual 
and 
electrical testing. 
8.6 
Certificates of Compliance 
Certificates 
of Compliance 
are available 
for specified 


screening 
and/or for products ordered under a customer 


part number/specification. 
9.0 
Quality Assurance 
The Quality 
Assurance 
Department 
is the customer's 
representative 
and is independent 
of the product line and 


manufacturing 
organizations. 
Quality 
Assurance 
is 
responsible 
for reliability assessment 
of new and existing 


processes, 
material analysis, failure analysis, calibration 
and development 
of evaluation 
methods. 
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9.1 
Process Qualification 
All new processes 
and process revisions 
must equal or 


exceed the reliability of existing processes on applicable 
sections of the SMC® Quality Conformance 
Test. 


9.2 
Quality Conformance Test 
Samples of finished product are tested periodically to the 
criteria 
of QA-01 
(see Table 
1). This test sequence 
provides 
historical 
data 
which 
is 
also 
used 
for 


qualification 
of new products and processes. The various 
subgroups 
contain tests referenced 
in Method 5005 of 
MIL-STD-883 
as well as tests designed around industry 
requirements 
not yet incorporated 
in military standards. 


9.3 
Analysis 
9.3.1 
Analytical 
Capabilities 
include: 
Complete functional 
and parametric 
test 
Radiography 
Decapsulation 
of ceramic cerdip and plastic packages 


Chemical 
qnd plasma layer removal 


High power optical inspection 
Infrared and thermal imaging 
Liquid crystal analysis 
Laser circuit isolation 
Multipoint probing 
Precision cross-sectioning 
Scanning 
electron microscope 
(SEM) 
Energy dispersive 
X-ray 
(EDX) 
Voltage contrast and specimen 
current imaging 
Fast-fourier 
transform 
infrared (FTIR) 
9.3.2 
Scanning 
electronic 
microscopy 
is used in the 
periodic evaluation 
of workmanship 
in wafer processing 


and assembly, to support engineering 
efforts at process 


development 
and improvement, 
and in failure analysis. 


9.3.3 
Failure 
Analysis 
is performed 
upon request 
by 
sales, marketing 
or manufacturing 
organizations 
and is 


also performed 
on reliability 
test failures. The analysis 


SMce 
1$ a registered 
trademark 
of Standard 
Mlcrosystems 
Corporation. 
SentryS 
is a registered trademark 
of Schlumberger, 
limited. 
ACCUTEsrS 
is a registered 
trademark 
of General 
Aircraft 
Corporation. 
Megatesl'· 
IS a trademark 
of Megalesl 
Corporation. 


GenAad'· 
is a trademark 
of GenRad, 
Incorporated. 


activity 
supports 
the development 
of new 
product, 


process 
improvements, 
and the evaluation 
of screening 


methods. 


9.3.4 
Material 
analysis 
is performed 
on layers of theI 


integrated 
circuit 
and 
on 
packaging 
10 support 
the 
engineering 
development. 
This 
characterization 
is 
_ 
performed 
on in-house 
facilities. 
Independent 
outside 
analytical 
laboratories 
are used if and when required. 


9.4 
Calibration 
The Quality Assurance 
Calibration 
Laboratory 
specifies 
calibration 
intervals, performs calibration 
and maintains 
calibration 
records. 
The 
laboratory 
is traceable 
to the 
National Bureau of Standards. 


10.0 
Manufacturing Lot Traceability 
SMC® maintains 
traceability 
on all product types in all 


packaging 
options 
(including 
plastic). 
The 
information 
available 
includes: 


10.1 
Wafer Processing Records 
Sign-off and date on all operations, critical measurements 
and inspection 
records. 


10.2 
Wafer Lot Acceptance (Mapping) 
Device 
parameters 
are recorded 
using 
a high-speed 


Accutest® 3600 system. Further evaluation 
is performed 


using an HP 4145A semiconductor 
parametric 
analyzer. 


10.3 
Wafer Probe and Final Test Data 
These 
are correlated 
with mapping 
results to develop 
optimized 
process targets and yield improvement. 


10.4 
Assembly Records 
Inspection 
results 
and 
screening 
throughput 
are 


recorded with date and sign-off 
for each lot. 


A 
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o.;~,It",oob;li, ;od.,----'=iJ 'TJ 


the last two digits of the number 
of year --.J 


the calendar 
week of the year 


PIN 1 
INDICATION 


(DEVICE 
TYPE) 


SMC 
(DATE 
CODE) 


TOP MARKING 


Bl = BURN-IN 
(ADDED 
WHEN 
APPROPRIATE) 


ASSEMBLY 
LOCATION 


(IF OTHER 
THAN 
U.S.A.) 


TABLE 1-QA-01 
QUALITY CONFORMANCE 


ROUTINE 
MONITOR 
(REFERENCE 
MIL-STD-883, 
METHOD 
5005, GROUP B) 


SMC® Test 
MIL-STD-883 
accept 
no. or 
Frequency 
Test 
Method 
Method 
Condition 
LTPD 
Packaae 
Type 


Subgroup 
1 


Physical 
dimensions 
2016 
2 devices 
every 
package 
(no failures) 
lot 


Subgroup 
2 


Resistance 
to solvents 
QC-21 
2015 
Marking 
Permanence 
4 devices 
every 
shipment 


Subgroup 
3 
Soldering 
temperature 
of 
Solderability 
QC-15 
2003 
10 
every 
245°C ± 5° C 
shipment 


Subgroup 
4 


Failure 
criteria 
from design 
Internal 
QC-33 
2014 
and construction 
1 device 
every 
visual 
and 
requirements 
of applicable 
(no failures) 
shipment 
mechanical 
procurement 
document 


Subgroup 
5 


Bond strength 
2011 
15 
(1) Thermosonic 
QC-31 
(1) Test condition 
C or D 
every 
(2) Ultrasonic 
or wedge 
(2) Test condition 
C or D 
shipment 
Die shear strenqth 
QC-35 
2019 


SUbgroup 
6 


Internal 
1018 
5,000 ppm maximum 
water 
3 devices 
periodic 
water-vapor 
content 
at 100°C 
(no failures) 
or 
conformance 
content 
5 devices 
all hermetic' 
(1 failure) 


Subgroup 
7 


Seal 
AC-11 
1014 
As applicable 
5 
every 
(a) Fine 
shipment 
(b) Gross 
all hermetic 
1 


Subgroup 
8 


Electrical 
parameters 
Group 
A, subgroup 
1 
15 
new device 
Electrostatic 
discharge 
QA-11 
3015 
(no failures) 
types 
sensitivity 
Electrical 
parameters 
Group 
A, sUbgroup 
1 


SMC® Test 
MIL-STD-883 
accept 
no. or 
Package 


Test 
Method 
Method 
Condition 
LTPD 
Type 


Subgroup 
1 


Steady 
state life test 
QA-02 
1005 
Test condition 
to be 
5 
all 
specified 
(typically 


1,000 hours at 125°C) 
End-point 
electrical 
Final test 
As specified 
in the 
parameters 
applicable 
device 
specification 


Subgroup 
2 


Temperature 
cycling 
AC-15 
1010 
Test condition 
C, 10 cycles 
15 
Constant 
acceleration 
AC-16 
2001 
Test condition 
E min. 
all hermetic 
1 
V"~ orientation 
only 
Seal 
1014 
As applicable 
(a) Fine 
AC-11 


(b) Gross 
Visual examination 
QC-22 
End-point 
electrical 
Final test 
As specified 
in the 
parameters 
applicable 
device 
specification 


SMC® 
MIL-STD-883 
acce~t 
no. or 
Package 
Test 
Method 
Method 
Condition 
L PO 
Type 


Subgroup 
1 


Physical 
dimensions 
2016 
15 
all 


Subgroup 
2 


Lead integrity 
QC-19 
2004 
Test condition 
B2 (lead 
15 
all 
fatigue) 
Seal 
AC-11 
1014 
As applicable 


all hermetic' 
(a) Fine 
(b) Gross 
cerdip 
only 
Lid torque 
2024 
As applicable 


Subgroup 
3 


Thermal 
shock 
1011 
Test condition 
B, 15 cycles 
15 


Temperature 
cycling 
AC-15 
1010 
Test condition 
C, 100 
all hermetic,,2 


cycles 


Moisture 
resistance 
1004 


Seal 
AC-11 
1014 
As applicable 


(a) Fine 
(b) Gross 


Visual 
examination 
Per visual 
criteria 
of 
Method 
1004 and 1010 
End-point 
electrical 
As specified 
in the 
parameters 
applicable 
device 
specification 


Subgroup 
4 


Mechanical 
shock 
2002 
Test condition 
B minimum 
15 


Vibration, 
variable 
2007 
Test condition 
A minimum 
all hermetic 


frequency 
Constant 
acceleration 
AC-16 
2001 
Test condition 
E minimum, 
Y, orientation 
only 


Seal 
AC-11 
1014 
As applicable 


(al Fine 
(b) Gross 
Visual examination 
End-point 
electrical 
As specified 
in the 


parameters 
applicable 
device 
specification 


Subgroup 
5 


Salt atmosphere 
1009 
Test condition 
A minimum 
15 


Seal 
AC-11 
1014 
As applicable 
all hermetic ',2 
(a) Fine 
(b) Gross 
Visual 
examination 
Per visual 
criteria 
of 
Method 
1009 


Subgroup 
6 


Internal 
water-vapor 
1018 
5,000 ppm maximum 
water 
3 devices 


content 
content 
at 100°C 
(no failures) 
all hermetic' 


or 5 devices 
(1 failure) 


Subgroup 
7 


Adhesion 
of lead finish 
2025 
15 
all 


Subgroup 
8 
Lid Torque 
2024 
5 devices 
(no failures) 
cerdip 


Subgroup 
9 


Humid 
Environment 
QA-04 
1000 hours 85°C/85% 
15 
plastic 


Relative 
Humidity 
End-point 
electrical 
Final test 


parameters 


Subgroup 
10 


Autoclave 
(Pressure 
QA-05 
96 hours at 2 atm, 121°C 
5 
plastic 
Cooker) 


End-point 
electrical 
Final test 


parameters 


Subgroup 
11 
Temperature 
Cycling 
AC-15 
1010 
Test Condition 
C, 
15 
plastic 


100 cycles 


End-point 
electrical 
Final test 


parameters 


, Hermetic 
packages 
include 
ceramic 
and cerdip. 


2 Packages 
having 
gold plating thicknesses 
of 200 microinches 
or less are not required 
to pass subgroups 
3 and 5. 
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I 


WAFER LOT ACCEPTANCE 


WAFER PROBE 


AP-99 SAW/FRACTURE 
PLATE 


AP-97 LEAD FRAME INSPECTION 


AP-98 SECOND OPTICAL DIE VISUAL 


AP-87 BACK-SIDE 
MARK 


AP-90 POST MOLD CURE 


AP-89 TRIM/FORM 


AP-88 SOLDER 
DIP/SOLDER 
PLATE 


OPEN/SHORT 
TEST 


AP-86 EXTERNAL 
VISUAL 


FINAL ELECTRICAL 
TEST 


PACK 


AD-97 LEAD FRAME 
INSPECTION 


AD-96 BASE/CAP 
INSPECTION 


r- 
I 
AD-90 THIRD OPTICAL 
PRE-SEAL 
VISUAL 
I 


AD-87 MARK 


AD-86 TEMP CYCLE TEST 


I 
AD-85 CONSTANT ACCELERATION 
TEST 


I 
AD-84 HERMETICITY 
TEST 


PACK 


~ 
QC-22 QUALITY 
CONTROL 
AUDIT 


Note 1-Plastic 
and cerdip 
assembly 
is sub-contracted 
Assembly 
operations 
are controlled 
by SMC® 


approved 
sub-contractor 
specifications. 


PACKAGE 
ASSEMBLY 
FLOW 
DIAGRAMS 
HI REL AVAILABLE 
ON ALL HERMETIC 
PACKAGES 
• 


Data Communication 
Products 


Part 
Max 
Power 
Number 
Name 
Description 
Baud Bate 
Supplies 
Package 
Page 


COM 1653A 
MIL-STD- 
MIL·STD·1563A 
Manchester 
Interface 
40 DIP/ 
1563A 
Controller 
1MB 
+5 
44SMT 
39-40 
Controller 
COM 1663B 
MIL-STD- 
MIL·STD·1553B 
Manchester 
Interface 
40 DIP/ 
1553B 
Bus Controller!Remote 
'Illrminal 
1MB 
+6, 
-5, 
+12 
44SMT 
41-56 
Controller 
COM 1671 
ASTRO 
Asynchronous/Synchronous 
'lransmitter!ReceiveI; 
Full Duplex, 5-8 
1MB 
+5,-5,+12 
40 DIP 
57-58 
data bit 
IX or 32X clock 
COM 1863 
UART 
Universal 
Asynchronous 
Receiver/ 
'lransmitteI; 
Full Duplex, 5-8 data bit, 
62.5KB 
+5 
40 DIP 
59-60 
1,l'h, 2 stop bit, enhanced 
distortion 
marlt1n 
COM 2651 
USARTIPCI 
Universal 
Synchronous/Asynchronous 
Receiver/'lransmitteI; 
Programmable 
1MB 
+6 
28 DIP/ 
61-62 
CommUnication 
Interface, 
Internal 
28SMT 
Baud Rate GeneratoI; 
IX 16X 64X clock 
COM 2661-1 
USARTIEPCI 
Universal 
Synchronous/Asynchronous 
·2 
Receiver/'lransmitteI; 
Programmable 
1MB 
+5 
28 DIP/ 
53-64 
-3 
CommUnication 
Interface, 
Internal 
28SMT 
Baud Rate GeneratoI; 
IX, 16X, 64X clock 
COM 5025 
Multi-Protocol 
SDLC, HDLC, ADCCp,Bi-sync, DDCMP 
USYNRT 
compatible, 
automatic 
bit stuffing/ 
1.6MB 
+5, 
+12 
40 DIP 
65-76 
stripping, 
frame 
detection/generation, 
CRC generation/checking. 
SYnc detection 
COM 52C50 
TWINAX 
Interface 
Controller 
for IBM System! 
28 DIP/ 
34, 36, 38 designated 
TWINAX or 
1MB 
+5 
28SMT 
77-94 
5250 enVironment 
COM 7210 
GPIB 
Intelligent 
Interface 
Controller 
8 MHz 
+5 
40 DIP 
95·106 
Interface 
for GPIB (IEEE-468-1978) 
COM 78808 
OCTALUART 
8 UART's, 8 Baud Rate Generators 
plus 
68CERDIP/ 
control 
logic and modem 
signals 
all 
19.2KB 
+5 
PLCC 
135·136 
on a sinltle ChiD 
COM 78C808 
OCTALUART 
CMOS Version 
of the COM 78808 
19.2KB 
+5 
68PLCC 
137-150 
COM 78C804 
QUADUART 
4 UARTS, 4 Baud Rate Generators 
plus 
48 DIP 
(QUART) 
control 
logic and modem 
signals 
all on 
19.2KB 
+5 
44PLCC 
121-134 
a single chip 
COM 78C802 
DUALUART 
2 UARTS, 2 Baud Rate Generators 
plus 
40 DIP 
(DUART) 
control 
logic and modem 
signals 
all on 
19.2KB 
+5 
44PLCC 
107-120 
a single chip 
COM 8004 
32 BitCRC 
Companion 
devioe to COM 6025 
Generator/ 
Dual 32 bit CRC Generator/Checker 
2.0MB 
+5 
20 DIP 
151-152 
Checker 
COM 8017 
UART 
Universal 
Asynchronous 
Receiver/ 
'lransmittell 
Full Duplex, 5-8 data bit, 
40KB 
+5 
40 DIP 
153-160 
1, 1'1.,2 s~)p bit (compatible 
with 
COM 2017 
COM 8018 
UART 
Univereal 
Asynchronous 
Receiver/ 
'lransmitteI; 
Full Duplex, 5-8 data bit, 
62.5KB 
+5 
40 DIP 
59-60 
1,I"l., 2 stop bit, enhanced 
distortion, 
margin 
COM 81C17 
UART 
Universal 
Asynohronous 
Receiver/ 
20 DIP/ 
'lransmitteI; 
Full Duplex with built·in 
100KB 
+5 
20SMT 
161·168 
Baud Rate Generator 
COM 82Cll 
PAl 
CMOS Programmable 
Centronics 
Parallel 
Printer 
Adapter 
Interface 
(PAl) with high 
1 MHz 
+5 
40 DIP 
169-176 
current 
driV:1nlt caoab1l1tv 


I 


Data Communication Products CONT. 


Part 
Max 
Power 
PUe 
l'fumber 
Kame 
Description 
Bau4Bate 
Supplies 
Package 
COM 825lA 
USART 
Universal 
Synchronous/Asynchronous 
64KB 
(sync) 
Receiver/'l1'ansmitte~ 
Full Duplex, 
+5 
28 DIP 
177·192 
5·8 data. bit 
1 1'12,2 stoP bit 
9.6 KB (async) 


COM 82586 
LANC 
Ethernet 
Local Area Network 
Coproces· 
10 MHz 
+5 
48 DIP/ 
193·196 
sor for CBMAlCD 
Medium Access ContrOl 
68PLCC 
COM 82C501 
EBI 
Ethernet 
SerisJ Interface 
compatible 
with 
COM 82586. 
Generates 
clocks an%~ 
10 MHz 
+5 
20 DIP 
197·200 
forms 
Manchester 
Encodinl(IDeco 
COM 82C502 
LANT 
Ethernet 
'l1'ansceiver 
chip. Compatible 
10 MHz 
+5,+lOV 
16 DIP 
201·204 
with COM 82586 
and COM 82C501. 


COM 8502 
UART 
UniverssJ 
Asynchronous 
Receiver/ 
'l1'ansm1tte~ 
Full Duplex, 5·8 data bit, 
40KB 
+5 
40 DIP 
153·160 
1 2 stop bit (compatible 
with COM 2502) 
COM 9026 
LANC 
LoosJ Area Network 
Controller 
for token 
2.5MB 
+5 
40 DIP/ 
205·206 
pass svstems 
44SMT 
COM90C26 
LANC 
CMOS Version 
of COM 9026 
2.5MB 
+5 
40 DIP 
207·222 
COM90C32 
LANT 
Looal Area Network 
'l1'ansceiver 
2.5MB 
+5 
16 DIP 
223·228 
COM 9046 
BSBSS 
Single Side Band Speech Scramble~ 
Low Powe~ Full Duplex, uses 3.58 MHz 
NA 
:t2.6 
14 DIP 
229·232 
TV burst 
crvstsJ 
COM 90056(2) 
ELANC 
CMOS Enhanced 
LocsJ Area Network 
Controlle~ 
with high throughput, 
5MBps 
+5 
48PLCC 
233·234 
network 
management 
and network 
dia£Ilostic 
COM 90C62(2) 
COMBO CHIP 
Complete 
Local Area Network 
Controller 
on a chip. Includes 
the combined 
2.5MB 
+5 
40 DIP 
235·238 
functions 
of the COM 90C26 and the 
COM9lC32 
COM 9064 
IBM 3270 
IBM 3270 COAX type ";':' controller 
2.36MB 
+5 
40 DIP/ 
239·246 
+ 5V onlv version 
of COM 9004 
44SMT 
COM 91C32 
LANT 
Improved 
COM 90C32 LAN'l1'ansceiver, 
which 
integrates 
an internal 
crystal 
2.5MB 
+5 
16 DIP 
247·252 
oscillator 
and reset circuitry 
for the 
COM 9026/COM 90C26. 
COM 92C32(2) 
LANT 
ThiS transceiver 
performs 
Manohester 
Encoding/Decoding 
to allow twisted 
pair 
2.5MB 
+5 
16 DIP 
253·256 
operation 
of ARCNET. Compatible 
with 
COM90C26 and HYC9078 
HYC9068 
HIT 1 
High Impedanoe 
'l1'ansoeiver 
for Looal 
Area Networks 
allows BUS topology 
with 
2.5MBps 
+5 
20 SIP 
257·262 
multi 
droP nodes 
HYC9068 
LAND 
Local Area Network 
Driver with 
(93!l) 
line matching 
impedanoe 
for 
2.5MBps 
+6 
20 SIP 
263·266 
ARCNET networks 
HYC9078(2) 
HIT 2 
High Impedanoe 
'l1'ansceiver 
for Local 
6MBps 
+5 
20 SIP 
267·268 
Area Networks 
for operation 
at 5MHz 


STANDARD MICROSYSTEMS 
CORPORATION,.i 
COM 1553A 
J,LPC FAMILY 


MIL-5TD-1553A 
"SMART®" 


FEATURES 
o Support of MIL-STD-1553A 
o Operates as a: Remote Terminal Responding 
Bus Controller 
Initiating 
o Performs Parallel to Serial Conversion 
when 


Transmitting 
o Performs Serial to Parallel Conversion 
when 


Receiving 
o Compatible 
with HD-15531 Manchester Encoder/ 


Decoder 
o All Inputs and Outputs are TTL Compatible 
o Single +5 Volt Supply 
o COPLAMOS® 
N Channel MOS Technology 
o Available in PC Board Form from Grumman 


Aerospace Corporation 


a 
MSGFLG 
1 
a 
WAD 
FLG 
2 


IVWF 
3 


OTA AVL 
4 


Rev 
INT 
5 
fXiNT 
6 


CMD 
SYN 
7 


OTA SYN 
8 


ReV 
NAZ 
9 


5"WE 
10 


POR l' 
iA 12 


ACVCLK13 


VW14 


SEND 
DATA 
15 


orA 
AQST 
16 


MSG 
COMPl 
T 17 


TX ENA 18 


TX eLK 
19 


XMIT 
NRZ 20 


The COM 1553A SMART® (Synchronous 
Mode Avionics 


Receiver/Transmitter) 
is a special purpose COPLAMOS 


N-Channel 
MOS/LSI 
device 
designed 
to provide 
the 


interface 
between a parallel 8-bit bus and a MIL-STD- 


1553A serial bit stream. 


The COM 1553A is a double buffered serial! parallel and 
parallel/serial 
converter 
providing 
all of the "hand 


shaking" 
required 
between 
a Manchester 
decoder/ 
encoder 
and a microprocessor 
as well as the protocol 


handling 
for both a MIL-STD-1553 
bus controller 
and 


remote terminal. 


The COM 1553A performs 
the following 
functions 
in 


response to a 16 bit Command Word. It provides address 
detection 
for the first five bits of the serial data input. 


If all 1's appear in the address field, a broadcast signal 
is generated. The sixth bit is decoded as mode: transmit 
or receive. 
The 
next five 
bits are decoded 
for zero 


message flag and special flags in the subaddress/mode 
field. The last five bits (word-count 
field) are decoded 


determining 
the number 
of words 
to be received 
or 


transmitted. 


When receiving 
data sync the COM 1553A performs a 


serial to parallel conversion, 
buffers the 16 bit message 


• 


40 GND 


39 B"6'C'S"T 


38 Vcc 


37 ADl 


36AD2 


35 AD3 


34 AD4 


33 ADS 


32 ROE 
31 07 


30 D6 


2905 


2804 
2703 


2602 


2501 


24 D0 


23 TOE 


22 TX MODE 


21 Be 


word, 
and formats 
it into two parallel 
(8 bit) bytes for 


presentation 
to the I/O bus under 
processor 
or hard 


wired logic control. 


In the transmit mode the COM 1553A takes two parallel 
8 bit data words from the I/O bus and serially transmits 
the resultant 
16 bit word 
to the Manchester 
encoder. 


This is done under the control of Send Data. To facilitate 
data transfer 
the COM 
1553A provides 
all necessary 


buffering 
and storage for transmitted 
and received data. 


It also provides 
all necessary 
hand shaking, 
control 


flags and interrupts 
to a processor 
or hard wired logic 


terminal. 
See block diagram 
1. 


The COM 1553A can be set up as either a remote termi- 
nal or a bus controller 
interface. 


The COM 
1553A is compatible 
with 
Harris' HD-15531 


CMOS Manchester 
Encoder-Decoder 
chip and inter- 


faces directly 
with it. A 3 device kit consisting 
of: SMC's 


COM 1553A, Harris' HD-15531 and Circuit Technology's 
CT1231 
forms 
a complete 
system 
interface 
for the 


message 
structure 
of MIL-STD-1553A. 
See block 


diagram 
2. 


Note: 
All terminology 
utilized 
in this data sheet is 
consistent 
with MIL-STD-1553. 


STANoo.RD 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPORATV\AI 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 


~Irvt~i 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 
!;~_..., 
_" ..'" assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 
"."n·"",· "",. m•••• semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 
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COM1553B 
f.LPC FAMILY 
PRELIMINARY 


MIL-STD-1553B 
"SMART®" 


FEATURES 
o Support of MIL-STD-1553B 
o Operates 
as both Remote 


Terminal and Bus Controller 
o Manchester 
II Serial Biphase 


Input/Output 
o 16 bit Microprocessor 


compatible 
o Command/Data 
Sync 


Detection/Identification 
o Automatic 
Command 


Response 
Generation 


o On-Chip 
Address 
Recognition 
o Error Detection 
For: 
Sync Errors 
Parity Errors 
Word Count Errors 
Bit Count Errors 
Invalid Manchester 
Code 


Incorrect Address 
Incorrect Bus Response Time 


o TTL Compatible 
o Recognizes 
Mode Codes and 


Broadcast 
Commands 


o Provides DMA handshaking 


signals 
o COPLAMOS® 
n-Channel 


MOS Technology 


I 


1~lel~l~8Q ~1~lglul~ 
O()a:CD>Z>()O~~ 


39 3837363534333231 
30 29 
40 - 
28 
RiW 


41 
27 
VC 
42 
26 
WE 
43 
25 
vcc 


44 
24 
0, 


1 
23 
N/C 
2 
22 
0, 
3 
21 
05 
4 
20 
0, 


5 
19 
OJ 
6 
18 
O2 
7 8 
9 1011121314151617 


CSTRA 
MAN OUT 
MAN OUT 


GNO 
0, 


N/C 
0, 
0" 
On 
0" 
0" 


The COM1553B 
SMART® (Synchronous 
Mode Avionic 


Receiver-Transmitter) 
is a 40-pin COPLAMOS® 
n-Channel 


MOSIVLSI 
circuit 
designed 
to simplify 
the 
interface 
of 


a microprocessor 
or buffer to the serial MIL-STD-1553B 


data bus. 
The COM1553B 
is a double 
buffered 
serial to parallel, 


parallel to serial converter. 
It receives serial Manchester 
II 


biphase encoded 
data from a 1553B bus receiver and con- 


verts it to 16 bit parallel data. When receiving 
Manchester 


II data, the COM 1553B detects and identifies sync polarity, 
reconstructs the clock, detects zero crossing, checks for the 
proper number of bits and performs 
a parity check on the 


incoming 
data. In addition to parity check, the COM1553B 


also checks 
for sync 
errors, 
invalid 
Manchester 
code, 


improper 
word count, incorrect 
address and incorrect bus 


response time. The transmitter 
in turn, accepts 16 bits par- 


allel data and serially 
transmits 
it as Manchester 
II data, 


09 
010 
011 


012 
4 


013 
01' 


015 


TXMODE 


PQR 
9 


12MHzCLK 
10 


MANIN 
11 


MANIN 12 


MCF 
13 


DO 
" 


01 
15 


02 
16 


03 
17 
04 18 


05 
19 
0620 


40 08 


39 
GNO 


38 
MANOUT 


37 
MANQUT 


36 
CSTRA 
35 om 


34 cio 


33 
ATIBe 


32 
SGACK 


31 
VOO 
30 vas 


29 
CSTR 


28 
OlACK 


27 Me 


26 
1M 
25 RiW 


24 
VC 


23 WE 


22 
Vet:. 


21 
07 


appending 
the appropriate 
sync and parity. 


The COM1553B 
recognizes 
protocol 
commands, 
and 


automatically 
generates 
the proper response, 
thereby off- 


loading what otherwise would be microprocessor 
tasks. This 


feature eliminates 
critical software timing requirements. 


The COM 1553B is designed 
to work both as a Bus Con- 


troller and Remote Terminal, 
making it universal within the 


MIL-STD-1553B 
environment. 
The COM1553B 
automat- 


ically loads and recognizes 
its own address. 
It determines 


the type of transfer required in both the Bus Controller 
and 


Remote-Terminal 
modes and generates 
the proper control 


signals to complete 
the transfer. 
It automatically 
transmits 


the status 
word 
and detects 
message 
errors 
and mode 


commands. 
Furthermore, 
it generates 
the control signals 


for 
DMA 
operation, 
therefore 
eliminating 
processor 


intervention. 


16 BIT 
BIDIR 
BUFFER 


DATA 


READY 


6 BIT 
COUNTER 
RESPONSE 
TIMER 


MANCHESTER 
ENCODER 
DECODER 
& 
HIGH SPEED 
ERROR 
CHECKING 
LOGIC 


STATE 
SEQUENCE 
lOGIC 


MANOUT 
I 
I 
I 
I 
I 


12 MHz--l ClK 


POR~ 
~~I 
I 


RECEIVE NRZ 


I 


SHIFT 
I 


REGISTER 
I 
L 
J 


5 BIT 
WORD COUNTER 
& MODE 
DECODE 
lOGIC 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


1-7,14-21, 
16-bit Data Bus 
00-015 
Three-state 
bidirectional 
data lines used to transfer 
Command, 
Data, 
Error and 
40 
Status 
Words between 
the COM1553B 
and external 
memory. 


8 
Transmit 
Mode 
TXMODE 
This output 
signal when high indicates 
that the COM1553B 
is transmitting 
infor- 
mation 
on the 1553B bus. 


9 
Power 
On 
POR 
Input signal 
used to initialize 
or reset the Error registers. 
The RT address 
must be 
Reset 
reloaded 
after POR is issued. 


10 
12 MHz Clock 
12MHz 
12 MHz clock input. 


ClK 


11 
Complementary 
MANIN 
This input is low when there is no data on the bus. A high level indicates 
that the 
Manchester 
In 
data is in its negative 
state (Refer to receive 
waveform, 
figure 
3). 


12 
Manchester 
In 
MANIN 
This input is low when there is no data on the bus. A high level indicates 
that 
the data is in its positive 
state (Refer to receive 
waveform, 
figure 
3). 


13 
Mode Code 
MCF 
Output 
signal that is active high when 
a mode command 
(aliI's 
or all O's in subad- 
Flag 
dress) 
has been detected. 


22 
Power 
Supply 
VCC 
+ 5 volts DC supply. 


23 
Write Enable 
WE 
Output 
signal. 
When 
low, WE indicates 
that the data on the 16 bit data bus is sta- 
ble and can be written 
into the external 
memory. 


24 
Valid Command 
VC 
Output 
signal that is pulsed 
high to signify 
the reception 
of a valid command. 


25 
Read/Write 
R/W 
Output 
signal that indicates 
whether 
a DMA transaction 
is a COM1553B 
read 
(when high) or a write (when 
low) operation. 


26 
Invalid 
1M 
Output 
signal which 
is pulsed 
low at the same time as MC to indicate 
that a mes- 


Message 
sage error has occurred. 
1M is also pulsed 
low while MC remains 
high if there are errors 
in the Command 
word with matching 
address. 


27 
Message 
MC 
Output 
signal 
used as either an interrupt 
or flag to the processor 
whenever 
a 
Complete 
COM1553B 
transaction 
has been completed. 
,28 
Data Transfer 
DTACK 
This input signal when low indicates 
that the Data Transfer 
Request 
Acknowledge 
(DTR) and BGACK 
has been acknowledged 
and data is on the data bus. 


29 
Command 
CSTR 
This input signal when low is used to inform 
the COM1553B 
that a Command 
Strobe 
Control 
Code is available 
in external 
memory. 
When the COM1553B 
is ready, 
it 
issues 
a Command 
Strobe 
Acknowledge 
and initiates 
a memory 
read cycle to 
load the Command 
Control 
Code bits CB2-CBO. 


30 
Power 
Supply 
VBB 
- 5 volts DC supply 
voltage. 


31 
Power 
Supply 
VDD 
+ 12 volts DC supply. 


32 
Bus Grant 
BGACK 
This input signal, 
when 
low, indicates 
that the processor 
has acknowledged 
DTR 
Acknowledge 
and relinquished 
the data bus. 


33 
Remote 
RT/BC 
When this.i!:lQut is high the COM1553B 
operates 
as a Remote 
Terminal. 


Terminal 
Bus 
When 
RT/BC 
is low, the COM1553B 
operates 
as a Bus Controller. 


Controller 


34 
Command/Data 
C/O 
This output 
signal during 
memory 
write operations 
indicates 
either 
a Command 
or Data Word transfer. 
A low level indicates 
that the COM1553B 
is writing 
a Data 
Word, Status 
Word, the contents 
of the Error Register, 
or the contents 
of the last 
Command 
Register 
into external 
memory. 
A high level indicates 
that the transferred 
word is a Command 
Word. 
During 
memory 
read operations 
this output 
is low. It goes high to indicate 
that data has 
been latched 
internally 
and the read operation 
is completed. 


35 
Data Transfer 
DTR 
Output 
signal that initiates 
a DMA transfer 
with the processor. 


Request 


36 
Command 
CSTRA 
This output 
pulse acknowledges 
the receipt 
of the command 
strobe 
and initiates 
Strobe 
the Command 
Control 
Code (CB2-CBO) 
transfer. 
Acknowledge 


37 
Complementary 
MAN OUT 
This output 
signal is high when the COM1553B 
is not transmitting. 


Manchester 
A low level indicates 
that output 
data is in a positive 
state (refer to driver 
Output 
waveform, 
figure 4). 


38 
Manchester 
MANOUT 
This output 
signal is high when the COM1553B 
is not transmitting. 
A low level indicates 
that output 
data is in a negative 
state (refer to driver 


waveform, 
figure 4). 


39 
Ground 
GND 
Ground 


I 


The 
COM1553B 
is organized 
into the following 
five 
sections: 
Manchester 
Encoder/Decoder 
This section 
performs 
the manchester 
encoder 
and 
decoder functions 
and code error check. The receiver con- 
tinuously 
monitors 
the MANIN and the MANIN input lines 
for a valid sync. After the reception 
of the 3 bit sync, the 
receiver is in full synchronization. 
It then checks for transi- 
tion errors and correct (odd) parity. If an error is detected in 
the Command 
Word the receiver resets itself, pulses 1Mand 
waits for another 
valid sync. If any errors are detected 
in 
Data and Status 
Words, 
the appropriate 
error bits in the 
Status and Error register are set. 


The transmitter 
section encodes 
the NRZ data from the 
data bus into Manchester 
II and appends, 
depending 
on 
word type, the proper sync and parity. 
State Sequencer 
Logic 
The State Sequencer 
section generates 
the appropriate 
signals 
to various 
internal 
sections 
to control 
the overall 
device operation. 
Inputs'to 
the State Sequencer 
which establish 
its oper- 
ational modes are as follows: 


Remote Terminal/Bus 
Controller 
(RT/BC) 
Determines 
whether 
the data terminal 
is operating 
as 
a Remote 
Terminal 
or as a Bus Controller. 
As a result of 
Dynamic 
Bus Allocation, 
any terminal 
shall be capable of 
performing 
either function 
at different times. 


Command 
Control 
Code bits 02-00 
(CB2-CBO) 
These Command 
Control Code bits determine 
the type 
of memory operation 
the COM 1553B will execute. Transfer 
of these 
commands 
to the COM1553B 
are initiated 
by 
asserting 
Strobe Command 
(CSTR) low. This informs the 
COM1553B 
that a command 
is available 
in external mem- 
ory. When the COM 1553B acknowledges 
the CSTR signal, 
it sets the CSTRA output low. The CSTR must be reset within 
1.5 ,...safter CSTRA. The COM 1553B then initiates a mem- 
ory read cycle by setting 
RIW high, C/O low, and DATA 
TRANSFER 
REQUEST 
(OTR) low. When the Command 
Control Code bits are valid on the bidirectional data bus (D2- 


DO), DTACK and BGACK are generated 
by the processor 
and these bits are loaded 
into the COM1553B 
3-bit latch 
decode 
register. The command 
is then decoded 
in accor- 
dance with Table A. Timing 
associated 
with loading these 
control bits into the COM 1553B is shown in Figure 1. 


Transmit 
Last Command 
Allows the State Sequencer 
to bypass 
a memory 
read 
cycle to external 
memory 
and transmit the Last Command 
from the TRLC 
register 
following 
the Status Word trans- 
mission. 


Broadcast 
When the address field of the Command 
Word is all ones 
(11111), the State Sequencer 
is informed 
that a Bus Con- 
troller 
or a Remote 
Terminal 
is transmitting 
a Broadcast 
Command. 


Word Count Zero 
Input from 
the 5-bit 
counter 
and count 
decode 
logic 
informing 
the State Sequencer 
that all Data Word memory 
cycles are complete. 


Sync Input 
Indicates 
the type 
of sync word just strobed 
into the 
receive register. 


Address 
Compare 
When 
programmed 
as 
a 
Remote 
Terminal, 
the 
COM 1553B compares 
the contents of the address register 
with the address 
field of the received 
Command 
Word. If 
the addresses 
compare, 
the State Sequencer 
will respond 
to the received command. 


Any Error 
This input to the State Sequencer 
indicates 
that one of 
the seven possible errors have been set in the error register 
at the end of a message 
(Refer to Error register). 


Contiguous 
Word 
Set if there is a transition 
2 ,...S. after the parity transition 
of the last word, this signifies 
that a contiguous 
word fol- 
lows the word 
presently 
in the receive 
register 
(Refer to 
figure 5). 


WRITE ENABLE 
(WE)...J 


DATA TRANSFER 
REQUEST (DTR) 
_ 


DTACK 


COMMAND 
STROBE (CSTR) 
--, 


MEMORY STROBE (~) 
_ 


COMMAND 
STROBE 
ACKNOWLEDGE 
(CSTRAI 
_ 


BUS GRANT ACKNOWLEDGE 
(BGACK) 


DATA 


COMMAND 
DATA (C 01 


LOW UNTIL BGACK 
RECOGNIZED 
I 


SOME DELAY OF ~ 
INDICATES 
DATA VALID 


HOLD BUS UNTIL DMA COMPLETE 
-------_< 
CONTROL 
BITS CB2, CBI, CBO 


FIGURE 1: 
BUS CONTROLLER 
TIMING SEQUENCE 
Loading the Command 
Control Code Bits into the COM1553B 
prior to 
transmitting 
a Command 
or initiating a Diagnostic 
Sequence. 


Error Detection 
Logic 
The error detection 
logic of the COM1553B 
detects the 


following 
errors: 
Improper Sync 
One or more words 
have been received 
with incorrect 
sync polarity (For example a Status Word with Data Sync). 
Invalid Manchester II Code 
One or more words have been received with a missing 


transition 
during the 17 f.ls. data and parity bit time. 


Information Field Greater Than 16 Bits 
The decoder 
has detected a transition 
within one bit time 


(1 f.ls.) following 
the parity bit in one or more words. 


Odd Parity Error 


One or more words have been received with a parity error. 


Improper Word Count 


An improper 
word count error occurs when the number 


of Data Words received is not equal to the number of words 
indicated 
in the word count field of the Command 
Word. In 


the case of a Mode Code without 
data, 
no Data Words 


should follow the Mode command. 
Mode Codes with data 


should consist of only one Data Word. If the contents of the 
word counter are not zero, and there is no contiguous 
Data 


Word, thEmthe receive message 
is considered 
incomplete 


(e.g., fewer words were received than indicated by the word 
count in the Command 
word). 
If the contents 
of the word 


counter are zero and there is a transition detected 2 f.ls. after 
the parity transition 
of the last Data Word, then this also will 


cause an improper word count. In either case, the Message 
Error bit of the Status Word is set and not transmitted 
and 


the invalid message 
(1M)ou!20 
pin pulsed at the same time 


as the message 
complete 
(MC) signal output. 


Response Time 
. 
. 
The amount 
of time between 
the end of transmission 
of 


a Command 
or Data Word and the Status Word reply by a 


Remote Terminal should be less than 14 f.ls.lfthe 
response 


is greater 
than 14 f.ls. the response 
error bit is set in the 


error register. 
Address Mismatch 
An address 
mismatch 
occurs 
when 
a Bus Controller 


detects a mismatch between the address of the Status Word 
reply from a Remote 
Terminal 
and the Remote 
Terminal 


address of the Command. 


Internal Register 
Description 
Remote Terminal Address And Status Code Register 


This register is loaded when the processor 
issues a loadI 
Remote Terminal Address 
(RTA) command. 
The word that 


is loaded 
in this register 
consists 
of 9 bits of status infor- 
- 
mation 
(00-08) 
and the 5-bit address 
(011-015). 
The 


Remote 
Terminal 
Address 
may be checked 
any time by 


reading 
out the Error register. The RTA and Status Code 


register must be loaded before the COM 1553B may respond 
as a Remote Terminal. 


Table 1 defines the data bus bits which correspond 
to the 


Remote 
Terminal 
Address 
and Status Code register 
and 


Status Word that transmitted. 
Bits 00,02,03 
and 08 are 


double 
buffered 
to allow the RT to retain this information 


after the Status Code register is updated. 
For all legal com- 


mands, other than Transmit 
Last Status and Transmit 
Last 


Command 
Mode 
command, 
the Status 
Word register 
is 


updated with these four bits, Any Error and the Broadcast 
flag. The Dynamic 
Bus Control and Terminal 
Flag bits are 


modified 
by the 
appropriate 
Mode 
Code 
commands 


whereas, 
the Broadcast 
Flag and Any Error bits are set by 


the COM1553B 
internal 
logic. The Reserved 
Bits and the 


RT address bits are transferred directly into the Status Word 
register during the RTA and Status Code command. 


Bits DO, 02, 03, and 05-09 
are cleared 
after transmis- 


sion for all commands 
except 
Transmit 
Last Status 
and 


Transmit 
Last Command 
Mode Code. 


TABLE A: 
COMMAND CONTROL CODE BIT DEFINITION 


CONTROL 
BITS 
DATA BITS 
CB2-CBO 


RT/BC 
D,s 
0,. 
0'3 
0'2 
0" 
010 
D. 
08 
07 
D. 
05 
D. 
03 
O2 
0, 
Do 
FUNCTION 


X 
X 
X 
X 
X 
X 
X 
X 
1 
1 
X 
READ DATA 
X 
X 
X 
X 
X 
X 
REGISTER 


LOAD RT ADDRESS 


X 
X 
X 
X 
X 
X 
X 
X 
1 
0 
X 
REGISTER 
AND 
X 
X 
X 
X 
X 
X 
STATUS CODE 
REGISTER 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
0 
READ LAST CMD 


READ ERROR AND 


X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
1 
REMOTE 
TERMINAL 
X 
X 
X 
X 
X 
X 
ADDRESS 
REGISTERS 


X 
X 
X 
X 
X 
X 
X 
X 
0 
1 
0 
BUS CONTROLLER 
0 
X 
X 
X 
X 
X 
TRANSMISSION 


X 
X 
X 
X 
X 
X 
X 
X 
0 
1 
1 
BUS CONTROLLER 
0 
X 
X 
X 
X 
X 
RT TO RT TRANSFER 


RTA and Status 
Internal Logic 
Status Word 
Data Bus Bit 
Code Reg. Bits 
Signals 
Transmitted 


D15(MSB) 
RTA Bit 4 (MSB) 
- 
RTA Bit 4 (MSB) 


D14 
RTABit3 
- 
RTA Bit3 


D13 
RTA Bit 2 
- 
RTA Bit2 


D12 
RTABit1 
- 
RTA Bit 1 


D11 
RTA Bit 0 (LSB) 
- 
RTA Bit 0 (LSB) 


D10 
Not used 
Any Error 
Message 
Error 


D9 
Instrumentation 
Bit 
- 
Instrumentation 


D8 
Service 
Request Bit 
- 
Service 
Request 


D7 
Reserved 
- 
Reserved 


D6 
Reserved 
- 
Reserved 


D5 
Reserved 
- 
Reserved 


D4 
Not Used 
Broadcast 
Flag 
Broadcast 
Flag 


D3 
Busy 
- 
Busy 


D2 
Subsystem 
Flag Bit 
- 
Subsystem 
Flag 


D1 
Dynamic 
Bus Control 
Dynamic Bus Mode Code 
Dynamic 
Bus Control Bit 
Acceptance 
Enable Bit 
command 
(See Note) 
DO (LSB) 
Terminal 
Flag Enable 
Inhibit Terminal 
Flag (set) 
Terminal 
Flag 
Bit (See Note) 
or 
Override Terminal 
Flag (reset) 
Mode Code command 


Note: When the Dynamic 
Bus Control Acceptance 
Enable bit is set, the RT will accept a Dynamic 
Bus Mode code 
request. 
If this bit is reset the RT will reject a Dynamic 
Bus Mode Code command 
request. The Terminal 
Flag 
Bit (if enabled) 
is only set high if no Inhibit Terminal 
Mode Code command 
has been received, 
or if an Override 
Inhibit Terminal 
bit command 
is received. 


Last Command 
Word Register 
The last valid Command 
Word received 
by a Remote 
Terminal 
is stored in an internal 16 bit Last Command 
Reg- 
ister. This makes it readily available 
for transmission 
onto 
the data bus whenever 
the Remote 
Terminal 
receives 
a 
Mode Command 
to transmit the last Command 
Word. The 
Last Command 
Register 
contents 
are automatically 
writ- 
ten into external 
memory 
following 
a receive or a transmit 
message. 


As a bus controller 
(BC), the Last Command 
Register is 
used to hold the command 
transmitted 
before the present 
command. 
In RT-RT transfers 
this register of the BC holds 
the receive command 
while the transmit command 
is being 
transmitted. 
The processor 
has the option of reading the Last Com- 
mand Register of either a bus controller or remote terminal, 
by issuing a Read Last Command Register command code. 


Error Register 
And RTA Register 
(Error Register) 
A 7-bit error register is provided in the COM1553B 
to hold 
any errors 
associated 
with the previous 
message. 
If one 
or more of the 7 error types exists, the COM1553B 
asserts 
the Invalid Message 
~ut 
pin (1M) at the same time that 
Message 
Complete 
(MC) is asserted, 
cueing either a Re- 
mote Terminal 
or a Bus Controller 
that an error occurred 
in 
the previous 
message. 
If desired, the processor 
may read 
out the 16-bit error word by issuing 
a read error register 
command code. When operating as a Remote Terminal, the 
COM1553B will write the Receive register, Error register and 


Last Command 
register automatically 
into external memory 
at the end of each command 
message 
because these reg- 
isters may change 
before the processor 
has determined 
the necessity 
of reading them. The Error register 
may be 
read anytime 
during 
a message 
except 
during 
message 
transfers. 


TABLE 2 


The 16-bit error word is defined as follows: 


DATA BUS 
LINE 


D15 
D14 
D13 
D12 
D11 
D10 
D9 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


·Unused 
bits are set high. 
46 


ERROR 
BIT 
DEFINITION 


RT Address 
Bit 4 
RT Address 
Bit 3 
RT Address 
Bit 2 
RT Address 
Bit 1 
RT Address 
Bit 0 
Unused 
Improper Sync 
Address 
Mismatch 
Error 
Improper Word Count 
Response 
Time Error 
Information 
Field> 
16 Bits 
Unused 
Invalid Manchester 
II 
Parity Error 
Unused 
Unused 


Mode Detection Logic 
Both receive and transmit Command Words for a Remote 
Terminal 
and Bus Controller 
are decoded 
by the Mode 
Detection 
Logic. The Mode Detection 
Logic examines 
the 


following 
Command 
Word field to establish 
the correct 


operating 
mode for the COM1553B 
(Refer to TABLE B). 


Subaddress/Mode 
Code Field (D5-D9) 
and Data Word Count/Mode 
Code (DO-D4) 


This field Determines 
if the command 
is a normal com- 


mand or a Mode command. 
A subaddress 
field of 00000 or 
11111 implies a Mode command. 
All other codes are inter- 


preted 
as a subaddress. 
Once 
a Mode 
Command 
is 
detected 
the most significant 
bit of the Data Word Count/ 


Mode Code field is decoded. 
A most significant 
bit of "zero" 


implies 
no associated 
data with the Code Command. 
A 


"one" 
in this position 
implies that a Data Word will follow. 
The COM1553B 
recognizes 
five Mode Code commands 


(Refer to TABLE 
B). Transmit 
Last Command 
or Transmit 
Last Status word Mode Code commands, 
when received 


by the COM1553B, 
will automatically 
transfer the contents 


of the Transmit Last Command 
or Transmit Last Status reg- 


ister onto the 1553B serial bus. 


The Override/Inhibit 
Terminal 
Flag and Dynamic 
Bus 


Control 
Mode 
Code 
commands, 
when 
received 
by the 


COM1553B, 
may change the state of the Terminal Flag and 


Dynamic 
Bus Control bits of the Status Word register. The 


Inhibit Terminal 
Flag Bit Mode Code command 
resets the 
Terminal 
Flag bit. 


The Override 
Inhibit Terminal 
Flag Mode 
Code 
com- 


mand enables the Terminal 
Flag bit if it was previously 
dis- 
abled. Finally, Dynamic 
Bus Control Mode Code command 


sets the Dynamic 
Bus Control bit in the Status Word if the 


Dynamic 
Bus Control 
Enable bit is high. If the enable bit is 


low, the Dynamic Bus Control bit in the Status Word remains 
low when a Dynamic 
Bus Control Mode Code command 
is 


received. 


Broadcast 
Mode Code 
Bro'!-dcast Mode Code Qommands 
are acknowledged 
if 


the T/R bit is low. If the T/R bit is high all Broadcast 
Mode 


Code 
commands 
without 
associated 
Data 
words 
are 


acknowledged 
except Dynamic 
Bus Control and Transmit 


Last Status Word. 


Illegal Broadcast 
Commands 
are not acknowledged; 
the 


1Moutput pin is, however, 
pulsed low. 
I 


TABLE B 
MODE CODE DEFINITION 


DETECT 
DETECTED 
SPECIAL 
FUNCTION 
CONDITION 
BY 
CONDITIONS 
COMMENTS 


Broadcast 
All ones in RT 
Broadcast 
Status word is 
Address 
compare 
address field of 
Decode Logic 
written into Memory 
must recognize 
all 
CMDWD 
but not transmitted 
ones as Broadcast 


Mode Codes 
All zeros or 
Mode Code 
MSB of Word Count 
Word Count 
ones in sub- 
Decode Logic 
o = No data Word 
is Decoded 
address field 
1 = With Data Word 
as mode code 
ofCMD 
WD 


(1) Dynamic 
Word Count 
Dynamic 
Bus Accept 
Bus 
Field = 00000 
Bit of Status word 
Control 
enabled for 
transmission 


(2) Transmit 
Word Count 
Status Word remains 
Last 
Field = 00010 
unchanged 
Status 
Word 


(3) Inhibit 
Word Count 
Terminal 
Flag Bit of 
Terminal 
Field = 00110 
Status word inhibited 


Flag Bit 
untiloverriden 


(4) Override 
Word Count 
Removes 
Inhibit from 
Inhibit 
Field = 00111 
Terminal 
Flag Bit of 
Terminal 
Status Word 
Flag Bit 


(5) Transmit 
Word Count 
Status Word 
Last 
Field = 10010 
Transmitted 
followed 
Command 
by Last Command 
Register. Status Word 
remains unchanged. 


When operating 
as either a Bus Controller 
or Remote 
Terminal, the COM1553B 
decodes the Command Word and 
determines 
the type of message 
transfer. 
Having 
deter- 
mined 
the 
type 
of message 
transfer, 
the 
COM1553B 


generates 
the proper 
control 
and timing signals 
to com- 


plete the transfer (refer to Figure 2). The types of messages 
are listed below: 


1) Bus Controller 
to Remote Terminal 


2) Remote Terminal 
to Bus Controller 


3) Remote Terminal to Remote Terminal 
4) Mode Code without 
Data Word 
5) Mode Code with Data Word (transmit) 
6) Mode Code with Data Word (receive) 
7) Broadcast 
Bus Controller 
to Remote Terminal 
8) Broadcast 
Remote Terminal to Remote Terminal 


9) Broadcast 
Mode Code without data 
10) Broadcast 
Mode Code with data 


The following 
section describes 
each 1553B information 
transfer 
format from the Bus Controller 
viewpoint. 
A table 


showing 
external 
memory 
operation 
is also provided 
for 


each message 
format. 


Note that all MIL-STD-1553B 
serial bus activity 
is initi- 


ated by the Bus Controller. 


Bus Controller-to-Remote 
Terminal Transfer (BC to RT) 


This message format covers transactions 
where the Bus 


Controller 
transmits 
a receive Command 
and Data Words 


to a Remote Terminal. 
Initializing the COM1553B 
is accom- 


plished 
by the processor 
loading 
an external 
memory 


address counter with the starting address of the COM1553B 
memory control block (address where the Command 
Con- 


trol Code CB2-CBO resides). The Bus Controller 
processor 
next 
issues 
a Command 
Strobe 
(CSTR) 
and 
holds 
it 


low until the COM1553B 
issues a Command 
Strobe Ack- 
nowledge 
(CSTRA). 
The COM1553B 
then responds with a 


Data 
Transfer 
Request 
(DTR) 
which 
initiates 
a normal 


memory 
cycle. 


Refer to figure 
1 for timing associated 
with loading the 


Command 
Control Codes (CB2-CBO) into the COM1553B 


prior to transmitting 
the Command 
Word. 
The first memory cycle loads the Command Control Code 


bits CB2-CBO from external 
memory 
into the COM1553B 


functioning 
as Bus Controller 
(BC). The BC decodes 
this 


command 
to determine 
the type of memory transaction 
to 


perform 
(refer to TABLE A). The next read cycle loads the 


Command 
Word into the BC command 
register 
and then 


transmits it onto the 1553B bus. This Command Word, while 
in the command 
register, determines 
the BC mode of oper- 


ation. The BC then completes 
this BC to RT transaction 
by 


issuing 
a predetermined 
number 
of read cycles 
(deter- 
mined by the value in the word count field of the Command 
Word) and transmitting 
the data onto the 1553B bus. After 


transmission 
of the last Data word, the BC initializes 
its 


response 
timer, expecting 
a Status Word from the remote 


terminal within 14 J.ls. 


After the reception 
of the Status Word, the BC initiates a 


memory 
write cycle which writes the Status Word into the 


external memory. If the BC doesn't receive the Status Word 
within 
the allowed 
response 
time the message 
error 
bit 


is set. 


TABLE 3 


BC to RT (The BC transmits a receive 
command to the RT) 


COM1553B 
-1 


MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
XXX2H 
READ* 
2 
RECEIVE 
READ 
COMMAND 


3 
DATA 
READ 
· 
DATA 
READ 
· 
DATA 
READ 


34 
DATA 
READ 
** 


35 
STATUS 
WRITE 


*reads command 
control code bits CB2-CBO 


** 
response 
time 
X = don't care 


Remote Terminal 
Transfer to Bus Controller 


This message format covers transactions 
where the Bus 


Controller sends a transmit command to a Remote Terminal 
and requests data from it. Initialization 
of the BC for normal 


memory 
cycles 
is the same as the previous 
transfer. The 


difference 
between 
this transfer 
and the previous transfer 


is that after the Command Word is transmitted, the BC waits 
14 fJ.sfor the Status Word and the requested number of Data 
Words. The Status and Data Words are written into external 
memory via write cycles as they are received by the BC. 


TABLE 4 


BC to RT (The BC transmits a Transmit 
Command to an RT) 


COM1553B 


MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
XXX2H 
READ* 
2 
TRANSMIT 
READ 


COMMAND 


** 


3 
STATUS 
WRITE 


4 
DATA 
WRITE 
· 
DATA 
WRITE 
· 
DATA 
WRITE 


35 
DATA 
WRITE 


·reads command 
control code bits CB2-CBO 


** 
response 
time 


X = don't care 


RT-to-RT Transfer 


In this message 
format, the Bus Controller 
first issues a 


receive Command 
Word to the receiving Remote Terminal, 
followed 
by a transmit 
Command 
Word to the transmitting 


terminal. 
Next, the transmitting 
RT responds with a Status 


Word and the requested 
number of Data Words to both the 


receiving 
RT and BC. The receiving 
RT at the end of the 


message 
sends a Status Word to the BC. As Status and 


Data Words are received 
by the BC they are written 
into 


external 
memory. 


TABLE 5 
RTto RT 


COM1553B 
MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
XXX3H 
READ* 


2 
RECEIVE 
READ 
COMMAND 
3 
TRANSMIT 
READ 
COMMAND 


4 
STATUS 
WRITE 
(transmitting 
RT) 
5 
DATA 
WRITE 
. 
DATA 
WRITE 
. 
DATA 
WRITE 
36 
DATA 
WRITE 


** 


37 
STATUS 
WRITE 
(receiving 
RT) 
I 


*reads command 
control code bits CB2-CBO 
** 
response 
time 
X = don't"care 


Mode Code Command 
without 
Data 
The Bus Controller 
transmits 
a specific Mode Command 


and expects 
a Status 
Word 
back 
from 
the addressed 


Remote Terminal. 


COM1553B 


MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
XXX2H 
READ* 


2 
COMMAND 
READ 
** 
3 
STATUS 
WRITE 


*reads command 
control code bits CB2-CBO 
**response 
time 
X = don't care 
Mode Command 
with Data 
(BC receives a single word) 
In this mode the Bus Controller 
issues a transmit 
Mode 


Command 
to an RT. The addressed Terminal 
responds 
to 


the Bus Controller 
with a Status Word and a single Data 


Word. 


COM1553B 


MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
XXX2H 
READ· 


2 
COMMAND 
READ 


** 
3 
STATUS 
WRITE 
4 
DATA 
WRITE 


*reads command 
control code bits CB2-CBO 
**response 
time 
X = don't care 


Mode Command 
with Data 
(BC transmits 
a single word) 
The Bus Controller issues a receive Mode Command and 
one Data Word to a Remote 
Terminal. 
A Status Word is 
returned by the Remote Terminal to the Bus Controller. 


COM1553B 
MEMORY 
MEMORY 
MEMORY 
ADDRESS 
CONTENTS 
OPERATION 


1 
XXX2H 
READ" 
2 
COMMAND 
READ 
3 
DATA 
READ 
** 
4 
STATUS 
WRITE 


"reads command 
control code bits CB2-CBO 


""response 
time 
X = don't care 


Bus Controller (Broadcast) to Remote Terminal Transfer 
In this mode the Bus Controller 
issues a Broadcast Com- 
mand followed by a number of Data Words. In all Broadcast 
Command 
transfers 
a BC will not expect to receive a Status 
Word back. 


COM1553B 
MEMORY 
MEMORY 
MEMORY 
ADDRESS 
CONTENTS 
OPERATION 


1 
XXX2H 
READ" 


2 
RECEIVE 
READ 
COMMAND 
3 
DATA 
READ 
. 
DATA 
READ 
. 
DATA 
READ 
34 
DATA 
READ 


"reads command 
control code bits CB2-CBO 
** response 
time 
X = don't care 


RT to RT Transfer 
(Broadcast) 
This transfer 
is similar to the normal 
RT to RT transfer 
with the exception 
that the Status Word is not returned 
by 
the receiving 
RT. 


COM1553B 
MEMORY 
MEMORY 
MEMORY 
ADDRESS 
CONTENTS 
OPERATION 


1 
XXX3H 
READ" 


2 
RECEIVE 
READ 
COMMAND 
3 
TRANSMIT 
READ 
COMMAND 
** 
4 
STATUS 
WRITE 
5 
DATA 
WRITE 
. 
DATA 
WRITE 


" 
DATA 
WRITE 
36 
DATA 
WRITE 


"reads command 
control code bits CB2-CBO 
. **response 
time 
X = don't care 


THE FOllOWING 
NOTE APPLIES 
TO THE CURRENT 
VERSION 
OF THE COM 1553B: 
When operating 
as a Bus Controller 
in a RT (Remote 
Terminal) to RT transfer, the COM1553B 
may incorrectly set 
the Invalid Sync Bit in the Error Register 
if the status word 
response 
from the receiving 
RT occurs 
between 
4 and 7 
microseconds. 
The Bus Controller 
(BC) may confirm 
that an error free 
message 
transmission 
occurred 
by requesting 
that the 
receiving RT transmit the last status word. If this status word 
matches the previous status word, then an error-free trans-' 
mission occurred. 


The 
following 
section 
addresses 
each 
COM1553B 
information 
transfer 
format 
from the Remote 
Terminal 
viewpoint. 


Bus Controller 
to Remote Terminal 
Transfer 
(BC to RT, where RT receives 
data) 
In this transfer 
the COM1553B 
designated 
as the RT 
receives 
a command 
to receive 
data. As the Command 
Word is completely 
shifted into the receive shift register, the 
RT compares 
the Command 
Word address 
field with the 
preloaded Remote Terminal address. This determines 
if the 
message 
is addressed 
to the receiving RT.lfthe 
Command 
Word is valid, the RT issues a Data Transfer Request (DTR) 
to initiate a memory cycle. Once the processor relinquishes 
control 
of the data 
bus, 
during 
the 
Bus Acknowledge 
(BGACK) 
time, the Command 
Word is placed on the data 
bus. 


The Subaddress 
field is thereafter 
decoded 
by external 
logic 
and the Command 
word 
is written 
into external 
memory. The RTthen 
receives a predetermined 
number of 
Data Words (specified by the word count field). As each Data 
Word is received it is written into external memory. After the 
reception of the last Data Word the RT transmits the Status 
Word, the Message 
Error, Broadcast 
Flag, Terminal 
Flag, 


Subsystem 
Flag, 
Busy, 
and Service 
Request 
bits are 
updated 
for all commands 
except for the Transmit 
Status 
Word and Transmit Last Command Code commands. While 
transmitting 
the Status, the RT writes it into memory. 
The 
RT also writes the Last Command 
Register, Error Register 
and Receive 
Register 
into memory 
and then asserts Mes- 
sage complete. 
Note that the receive 
register of the RT will contain the 
transmitted 
Status Word. 


TABLE 11 


BC TO RT (RT receives data from BC) 


COM1553B 
MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
COMMAND 
WRITE 


2 
DATA 
WRITE 


3 
DATA 
WRITE 
, 
, 
WRITE 
, 
, 
WRITE 


34 
DATA 
WRITE 
** 


35 
STATUS 
WRITE 


36 
LAST 
WRITE 
COMMAND 


37 
ERROR 
WRITE 
REGISTER 


38 
RECEIVE 
WRITE 
REGISTER 


Remote Terminal-to-Bus 
Controller 
Transfer 


(RT transmits 
data to BC) 


The Remote 
Terminal 
receives 
a Transmit 
Command 


Word from the Bus Controller. 
The RT will then proceed to 


decode 
the Command 
Word, as in the previous 
case and 


within the response 
time transmits 
the Status Word. 
While the Status Word is being transmitted 
the RT issues 


a write memory cycle to write the Status Word into external 
memory. Thereafter, 
the Data words are read from memory 


and transmitted. 
After the last word is transmitted 
the RT 


writes the contents 
of the Last Command 
Register, 
Error 


Register and the Receive 
Register into memory. 


TABLE 12 
Remote Terminal to Bus Controller 
(RT Transmits Data to BC) 


COM1553B 


MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
COMMAND 
WRITE 
** 
2 
STATUS 
WRITE 


3 
DATA 
READ 
, 
DATA 
READ 
, 
DATA 
READ 


34 
DATA 
READ 


35 
LAST 
WRITE 
COMMAND 


36 
ERROR 
WRITE 
REGISTER 


37 
RECEIVE 
WRITE 
REGISTER 


Remote Terminal-to-Remote 
Terminal 
Transfers 


From the Remote 
Terminal 
viewpoint, 
RT-to-RT 
trans- 
fers are similar 
to the RT to BC receive 
or transmit 
data 


transfers. 
The only exception 
is that the receiving terminal 
waits for the first Data Word from the transmitting 
terminal. 


This satisfies the protocol requirement 
that the transmitting 


terminal first send its status to the controller 
before it trans- 


mits the data to the receiving terminal. 


Mode Command 
with Data 
(RT receives 
a Mode Code Command 
to transmit) 


In this transfer, 
after the Transmit 
Mode Command 
is 


received, the RT transmits 
the Status and one Data Word.I 
COM1553B 
MEMORY 
MEMORY 
MEMORY 
ADDRESS 
CONTENTS 
OPERATION 


1 
COMMAND 
WRITE 
** 
2 
STATUS 
WRITE 
3 
DATA 
READ' 


4 
LAST 
WRITE 
COMMAND 
5 
ERROR 
WRITE 
REGISTER 
6 
RECEIVE 
WRITE 
REGISTER 


'For 
a Transmit 
Last command 
Mode Code, Data is not 


read from memory 
but transmitted 
from the internal Last 


Command 
register. 


** response 
time 


Mode Code Command 
with Data 
(RT receives a Mode Command 
to receive) 
This transfer is similar to a Receive Command having only 


one Data Word. 


COM1553B 
MEMORY 
MEMORY 
MEMORY 
ADDRESS 
CONTENTS 
OPERATION 


1 
COMMAND 
WRITE 
2 
DATA 
WRITE 
** 
3 
STATUS 
WRITE 
4 
LAST 
WRITE 
COMMAND 
5 
ERROR 
WRITE 
REGISTER 
6 
RECEIVE 
WRITE 
REGISTER 


Bus Controller 
Broadcast 
Transfer to RT 
The RT receives a Broadcast 
Command 
to receive data. 


If data received during a broadcast 
message 
is invalid, the 


COM1553B 
will set the message 
error bit. 


COM1553B 


MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
COMMAND 
WRITE 


2 
DATA 
WRITE 
. 
DATA 
WRITE 
. 
DATA 
WRITE 


32 
DATA 
WRITE 


33 
STATUS 
WRITE" 
34 
LAST 
WRITE 


COMMAND 


35 
ERROR 
WRITE 
REGISTER 


"In all broadcast 
transfers, 
a memory cycle is shown for the 


Status Word but the RT does not transmit 
it on the 1553B 


bus. 


Broadcast 
Mode Code Command 
with Data 


This Broadcast 
Mode Code command 
is detected 
if the 


MSB of the word count field is a logical high. 


Transmission 
of the Status Word is suppressed 
as in the 
previous 
case but is loaded into external memory. 


TABLE 16 
RT RECEIVE 


COM1553B 


MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
COMMAND 
WRITE 


2 
DATA 
WRITE 


3 
STATUS 
WRITE" 


4 
LAST 
WRITE 


COMMAND 


5 
ERROR 
WRITE 
REGISTER 


"In all broadcast 
transfers, 
a memory 
cycle is shown for 


the Status 
Word but the RT does not transmit 
it on the 


1553B bus. 


the previous 
transfer 
except 
that there 
is no Data Word 


transfer. 


COM1553B 


MEMORY 
MEMORY 
MEMORY 


ADDRESS 
CONTENTS 
OPERATION 


1 
COMMAND 
WRITE 
2 
STATUS 
WRITE" 
3 
LAST 
WRITE 
COMMAND 


4 
ERROR 
WRITE 
REGISTER 


"In all broadcast 
transfers, 
a memory 
cycle is shown for 


the Status 
Word but the RT does not transmit 
it on the 


1553B bus. 


Broadcast 
RT to RT Transfer 
For 
this 
message 
transfer 
a 
Broadcast 
Command 


to receive is issued by the Bus Controller. 
This is followed 


by a normal 
Transmit 
Command 
to the transmitting 
Re- 


mote Terminal. 
The Remote Terminal 
responds with a nor- 


mal transmit 
message 
format 
of Status 
Word and Data 


Word(s). 
The receiving 
terminals 
do not transmit 
a Status 


Word after receiving the data. However, they do go through 
a memory 
cycle to load the Status Word into their respec- 


tive memories. 


For the Remote Terminal 
receive transfer 
refer to Table 


15. The only difference 
in this transfer is that there is a gap 


time between 
the Command 
and Data word. 


For the Remote Terminal transmit transfer refer to Table 


12. The only difference 
in this transfer 
is that the Receive 


Register is not written into memory. 


Operating 
Temperature 
Range 
. . . . . . . . . . . . 
. . . . . . . . . . . 
. 
- 55 to + 125'C 
Storage 
Temperature 
Range 
. . . . . . . .. .. . 
. 
- 55 to + 150'C 
Lead Temperature 
(soldering, 
10 seconds) 
. 
. . . . . . . . . . . . . . . 
. .... 
+ 325'C 
Positive 
Voltage 
on any pin. 
. . . . . . . . . . . . . . . . . . . . ... . . . 
+ 15V 
Negative 
Voltage 
on any pin except 
VBB, with respect 
to ground 
. 
. . . . . . . . . . . . 
. 
- .3V 


'Stresses 
above 
those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
• 


be exceeded 
or device 
failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 


is switched 
on and off. In addition, 
voltage 
transients 
on the AC power line may appear 
on the DC output. 
If this possibility 
exists, 
it is 
- 


suggested 
that a clamp 
circuit 
be used. 


PARAMETER 


VOl 
Input Low Voltage 


V'H 
Input High Voltage 


VOL 
Output 
Low Voltage 


VOH 
Output 
High Voltage 
IL 
Input Leakage 
Current 


C'N 
Input Capacitance 


C, 
Output 
Capacitance 


CL 
Load Capacitance 


Pw 
Power Dissipation 


100 
Ice 
IBB 


MIN 
TYP 
MAX 
UNITS 


-0.3 
0.8 
V 
3 
Vee 
V 
0.4 
V 
2.4 
4 
5 
V 
10 
fLA 
10 
25 
pf 
10 
15 
pf 
100 
150 
pf 
0.8 
W 
40 
mA 
100 
mA 
5 
mA 


10L= -3.2mA 


10H = .8 mA 


AC ELECTRICAL 
CHARACTERISTICS 


PARAMETER 


clk 
clock frequency 


t, 
Clk, rise time 
tf 
Clk, fall time 


tf 
DTR and WE 


t, 
BGACK 
to DTR 


t3 
WEtoDATA 


t, 
DTACK to WE 


t5 
DTACK to R/W 


Is 
DTACK to C/O 


t, 
CSTR 
to CSTRA 


t. 
CSTRA 
to CSTR 


t. 
CSTRA 
width 


t" 
C/O to DATA 


tff 
CMDto 
1M 


t" 
1M width 


tf3 
VCwidth 


t.. 
VCtolM 


t" 
C/OtoMC 


t" 
C/OtolM 


t" 
C/OtoMC 


tf• 
C/Oto 
MC 


tf• 
CMD to MCF reset 


t20 
CMD to MCF set 


t'f 
CMDtoVC 


t" 
C/O to MCF reset 


t'3 
C/O to MCF set 


t,. 
POR width 


t'5 
Receive 
CMD to DTR 


t'6 
Transmit 
CMD to DTR 


MIN 
TYP 


12 
6 
6 
0.5 
0.6 
0.8 
1.3 
50 
100 
1.5 
1 
1.5 


500 
0 


MAX 
UNITS 
COMMENTS 


MHz 
50% duty cycle 
ns 
ns 
1 
fLS 
2 
fLS 
ns 
2 
fLS 
1.5 
fLS 
2.5 
fLS 
673 
fLS 
1.5 
fLS 
ns 


3.25 
fLS 
500 
ns 
1 
fLS 
1.75 
fLs 
700 
ns 
2.25 
fLS 
750 
ns 
1.25 
fLS 
3.75 
fLS 
4.75 
fLS 
2.75 
fLs 
1.5 
fLS 
1 
fLS 
fLS 
4.25 
fLS 
5.75 
fLS 


FIGURE 3: 
RECEIVER LOGIC WAVEFORMS 
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1 
I 
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FIGURE 5: 
CONTIGUOUS WORD 


f-PARITY -1---- SYNC 


I 
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1~2fls-! 
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I 
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OVERLAP t.,. ; 
10 ns TYP. 


FIGURE 4: 
DRIVER LOGIC WAVEFORMS 


MODE CODE FLAG (MCF) 
AS A RT 


r-I":h 
_ 


I 
~ 
~r- 
--I In r- 
--j I"I- 


~I 
~I 


BGACK -----~)~I 
_ 


I 


OTR 
~ 
f---t, ------:t' 
I 
f-t,-l 
I 
{ f-t.-l/ 
I 
ill 
I 
I-t,~I 
: 
< 
: 
>c:: 
I 
I 


RIW -----\) 
I r- 
1-----------1--1 
I 
~~~ 
_--+I 
~I 
I 
i 
1 
1 r- 
I 
I 
I 
I 
c/o-\! 
~ 
-I------------~ 


BGACK----_ 
}.~----- 


: 
I 
__".-l 


OTR 
1 _~Y-- 


OTACK 
}.,~--- 
I 
I 
I 
l- t.--.l;r-- 


: 
~~t,o- 
I 
I I 
DATA --------« 
r- 


I 
I 


CSTR 
----~}. 
l"""t.~ 


1 
I 
t-',.-l 
I 


CSTRA ----~--'LJ~--- 
~t.-l 


DTR -------~I 


M68000 
MICRO- 
PROCESSOR 
SYSTEM 


I 


INVALID MESSAGE (1M) 
AS A RT 


CMD wDI 
~1~1~---4;..-__ 
~1_18~1_'9~1 
~p It-- I,,-----l 
I 
~ 


--If-- 


BROADCAST 
WD ~"~'~_-+- 
__ ~I'_8~1'_9~1 
p~1 
I" 
t-I,,-l I- 
______ 
rL- 


_________ 
1 _fl- 
f.t"i 


CASE 
3 


C/O 


1M 


MC 


CASE 
4 


C/O 


1M 


MC 


_______ 
~I 
I" 


1-1 t- 
1rL- 
--------:-, 
________ 
~I rL.- 
-ll- 


_____ 
~I 
______ 
L- 
_____ 
fL- 


______ 
f"L- 


f-- t'--j 
_______ 
fl.- 


MESSAGE COMPLETE (MC) 
ASART 


CASE 
1 
AT THE COMPLETION 
OF AN ERROR 
FREE 
BROAD- 


CAST 
COMMAND 
TRANSACTION 
AFTER 
THE 


ERROR 
REGISTER 
IS WRITTEN 
INTO 
MEMORY. 


_____ 
1 


--11,,1- 
_______ 
~n~__ 
--l t- 


I" 


CASE 
2 
AT THE COMPLETION 
OF A TRANSMIT 
OR RECEIVE 


COMMAND 
TRANSACTION 
AFTER 
THE 
DATA REG- 


IST.ER IS WRITTEN 
INTO 
MEMORY. 


------, I 
_____ 
n 
_ 


WHEN 
THE 
BC ISSUES 
A RECEIVE 
COMMAND, 
THE 


MC SIGNAL 
OCCURS 
AFTER 
THE 
STATUS 
WORD 
IS 


WRITTEN 
INTO 
MEMORY. 
OR 
WHEN 
THE 
BC ISSUES 
A TRANSMIT 
COMMAND, 


THE MC SIGNAL 
OCCURS 
AFTER 
THE 
LAST 
DATA 


WORD 
IS WRITTEN 
INTO 
MEMORY. 


______ 
1 
I 
_______ ~:_rL- 


I---l 


I" 


CASE 
4 
AT THE COMPLETION 
OF I.OADING 
THE 
RT 


ADDRESS 
REGISTER 
OR 
READING 
THE 
DATA 
REGISTER. 


I 
--l 
I" f-- 
_____ 
~fL_ 


STANDARD 
MICROSYSTEMS 
CORPORATIONtE 


Circuj~ diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently 
complete information 
sufficient 
for construction 
purposes is not necessarily given. The 
information has been carefully checked and is believed to be entlfely 
reliable. However, no responsibility 
IS 
assumed for Inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser of the semiconductor 
devices described 
any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve 
design and supply 
the best product 
possible. 


STANDARD MICROSYSTEMS 
CORPORATIONjE! 
COM1671 
jLPCFAMILY 


Asynchronous/Synchronous Transmitter-Receiver 


ASTRO 


FEATURES 
o SYNCHRONOUS AND 
ASYNCHRONOUS 
Full Duplex Operations 
o SYNCHRONOUS 
MODE 
Selectable 5-8 Bit Characters 
Two Successive, SYN Characters Sets 
Synchronization 
Programmable SYN and DLE Character 
Stripping 
Programmable SYN and DLE-SYN Fill 
o ASYNCHRONOUS 
MODE 
Selectable 5-8 Bit Characters 
Line Break Detection and Generation 
1-, 1V2-, or 2-Stop Bit Selection 
Start Bit Verification 
Automatic Serial Echo Mode 
o BAUD RATE-DC 
TO 1M BAUD 
o 8 SELECTABLE CLOCK RATES 
Accepts 1X Clock and Up To 4 Different 
32X Baud Rate Clock Inputs 
Up to 47% Distortion Allowance With 32X 
Clock 
o SYSTEM COMPATIBILITY 
Double Buffering of Data 
8-Bit Bi-Directional Bus For Data, Status, 


and Control Words 
All Inputs and Outputs TTL Compatible 
Up To 32 ASTROS Can Be Addressed 
On Bus 
On-Line Diagnostic Capability 
o ERROR DETECTION 
Parity, Overrun and Framing 


I 
VBB 


IACKIcs 
WE 


IACKO 
RPLY 
INTR 
DAI0 


DAL1 
OAL2 
0AL3 
OAL4 
OAL5 
DAa 


OAL7 


(15m) CD 
ili7 


(i'jTffij) CE 


MISC 


(V,,)GNO 


1 
'--/ 
40 


2 
39 
3 
38 
4 
37 
5 
36 
6 
35 
7 
34 
8 
33 
~oD~~ 
11 
30 
12 
29 
13 
28 
14 
27 
15 
26 
16 
25 
17 
24 
18 
23 
19 
22 
20 
21 


Voo 
RE 
CA (1m) 


BA (TSOI 
CB leTS) 
58 (IXTC) 
i5fl (lXRC) 


R4 
R3 
R2 
Rl 
CF CG'Jffi1 
cc comn 


BB 
(HSII 


103 
104 


105 
MR 
106 
Vcc 


o COPLAMOS® n-Channel Silicon 
Gate Technology 


D Pin for Pin replacement 
for 
Western Digital UC1671 and 
National INS 1671 


o Baud Rate Clocks Generated by 
COM5036@ 
1X and 
COM5016-6 @ 32X 


APPLICATIONS 
Synchronous Communications 
Asynchronous Communications 
Seri~I/Parallel Communications 


The COM1671 
(ASTRO) 
is a MOS/LSI 
device 
which 
performs 
the functions 
of interfacing 
a serial data communication 


channel 
to a parallel 
digital 
system, 
The device 
is capable 
of full duplex 
communications 
(receiving 
and transmitting) 
with 


synchronous 
or asynchronous 
systems, 
The ASTRO 
is designed 
to operate 
on a multiplexed 
bus with other 
bus-oriented 
devices, 
Its operation 
is programmed 
by a processor 
or controller 
via the bus and 
all parallel 
data 
transfers 
with 
these 
machines 
are accomplished 
over the bus lines, 


The ASTRO 
contains 
several 
"handshaking" 
signals 
to insure easy interfacing 
with modems 
or other peripheral 
devices 
such as display 
terminals, 
In addition, 
a programmable 
diagnostic 
mode allows 
the selection 
of an internal 
looping 
feature 
which 
allows 
the device 
to be internally 
connected 
for processor 
testing, 


The COM1671 
provides 
the system 
communication 
designer 
with a software 
responsive 
device 
capable 
of handling 


complex 
communication 
formats 
in a variety 
of system 
applications. 


STANDARD 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPOR 
ATlt"\AI 
applications: consequently complete information sufficient for construction purpcses is not necessarily giveh. 
I"\IIVI'H 
The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


3~M~'M8~ 
HM'\I,"g. N v 111M assumed for inaccuracies. Furthermore, such mformatlon 
does not convey to the purchaser of the 


I~'~I 
11)311)(1 
• 
lW. ~,o.m811ge semiconductor 
devices described 
any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION)Ei 
COM 1863 
COM 8018 
J.lPC FAMILY 


Universal Asynchronous 
Receiver/Transmitter 
UART 


FEATURES 
o Compatible 
with TR1863 timing 


o High accuracy 
32X clock mode: 48.4375% 
Receiver 
Distortion 


Immunity 
and improved 
RDAIROR 
operation 
(COM 8018 only) 
o High 
Speed 
Operation-62.5K 
baud, 
200ns strobes 


o Single +5V Power Supply 
o Direct TTL Compatibility-no 
interfacing 
circuits 
required 


o Input 
pull-up 
options: 
COM 8018 has low current 
pull-up 


resistors; 
COM 
1863 has no pull 
up resistors 


o Full or Half Duplex 
Operation-can 
receive and transmit 


simultaneously 
at different 
baud rates 


o Fully Double 
Buffered-eliminates 
need for precise external 


timing 
o Improved 
Start 
Bit Verification-decreases 
error 
rate 


046.875% 
Receiver 
Distortion 
Immunity 


o Fully Programmable-data 
word length; 
parity mode; number 


of stop bits: one, one and one-half, 
or two 


o Master Reset- 
Resets all status outputs 
and Receiver 
Buffer 


Register 
o Three 
State Outputs-bus 
structure 
oriented 


o Low Power-minimum 
power requirements 


o Input Protected-eliminates 
handling 
problems 


o Ceramic 
or Plastic 
DIP Package-easy 
board insertion 


o Baud Rates available 
from SMC's COM 8046, COM 8116, 
COM 8126, COM 8136, COM 8146 baud rate generators 


GENERAL 
DESCRIPTION 


The Universal 
Asynchronous 
Receiver/Transmitter 
is an 


MOS/LSI 
monolithic 
circuit 
that performs 
all the receiving 
and 


transmitting 
functions 
associated 
with asynchronous 
data 


communications. 
This circuit 
is fabricated 
using SMC's 


patented 
COPLAMOSI!!> technology 
and employs 
depletion 


mode loads, allowing 
operation 
from a single +5V supply. The 


duplex 
mode, baud rate, data word length, 
parity 
mode, and 


number 
of stop bits are independently 
programmable 
through 


the use of external 
controls. 
There 
may be 5, 6, 7, or 8 data 


bits, odd/even 
or no parity, and 1 or 2 stop bits or 1.5 stop bits 


when utilizing 
a 5-bit code. These programmable 
features 


provide 
the user with the ability 
to interface 
with all 


asynchronous 
peripherals. 


'If pin 2 is taken 
to a logic 1 the COM 8018 will operate 
in a high 
RDE 


accuracy 
mode. 
If pin 2 is connected 
to -12V, 
GND, a valid logic 


zero, or left unconnected, 
the high accuracy 
feature 
is disabled, 
and the UART will operate 
in a 16X clock mode. Pin 2 is not con- 
nected on the COM 1863. 


PIN CONFIGURATION 


voo 


'-../ 
40 
TCP 
'HIACC 
39 
PDE 


Gnd 
38 
NDBI 
AD!' 
37 
NDB2 
RDB 
36 
NSB 
RD7 
35 
NPB 


RD6 
34 
CS' 


RD5 
8 
33 
TD8 
RD4 ~oD~~ 


TD7 
RD3 
TD6 
RD2 
" 
30 
TD5 
RD! 
12 
29 
TD4 
RPE 
13 
28 
TD3 
RFE 
14 
27 
TD2 
RDR 
'5 
26 
TD. 
SWE 
16 
25 
TSD 
RCP 
17 
24 
TEDC 
RDAR 
18 
23 
fDS 


RDA 
19 
22 
TBMT 


RSI 
20 
21 
MR 


PACKAGE: 
40-Pin 
D.I.P. 


• 


SWE 


TBMT 
RPE 
RFE 
RDR 
RDA 


RDAR 


NPB 
NSB 
NDB2 
NDBI 


PDE 


voo 
HIACC' 
Gnd 


STAN~D 
MICROSVSTEMS 
IP.I~lllmoN 
•• I,·~I.:-I"I"~ 
•. _I•.••I,I.I;"I,:..I,,, 


Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


applications: consequently complete information sufficient for construction purposes is not necessarily given. 
The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION,.t 
COM 2651 
jLPCFAMILY 


Programmable Communication Interface 
PCI 


FEATURES 
o Synchronous 
and Asynchronous 
Full Duplex or 


Half Duplex Operations 


ORe-programmable 
ROM on-chip baud 


rate generator 


o .Synchronous Mode Capabilities 
- 
Selectable 5 to 8-Bit Characters 


-Selectable 
1 or 2 SYNC Characters 
-Internal 
Character Synchronization 


- 
Transparent or Non-Transparent 
Mode 
- 
Automatic SYNC or DLE-SYNC Insertion 
-SYNC 
or DLE Stripping 
-Odd, 
Even, or No Parity 
- 
Local or remote maintenance loop back mode 
o Asynchronous 
Mode Capabilities 


- 
Selectable 5 to 8-Bit Characters 


- 
3 Selectable Clock Rates (1X, 16X,64X the 
Baud Rate) 


- 
Line Break Detection and Generation 


-1, 
1V" or 2-Stop Bit Detection and Generation 


- 
False Start Bit Detection 
- 
Odd, Even, or No Parity 
- 
Parity, Overrun, and framing error detect 


- 
Local or remote maintenance loop back mode 


- 
Automatic serial echo mode 
o Baud Rates 
- 
DC to 1.0M Baud (Synchronous) 
- 
DC to 1.0M Baud (1X, Asynchronous) 


- 
DC to 62.5K Baud (16X, Asynchronous) 


- 
DC to 15.625K Baud (64X, Asynchronous) 
o Double Buffering 
of Data 


D2 
1 


D3 
2 


RxD 
3 


GND 
4 


D4 
5 


D5 
6 


D6 
7 


D7 
8 


TxC 
9 


A110 


CE11 


A012 


R/W13 


RxRDY 
14 


28 D1 


27 DO 


26 Vcc 


25 RxC 


24 DTR 


23 RTS 


22 DSR 


21 RESET 


20 BRCLK 


19TxD 


18 TxEMT/DSCHG 


17 CTS 


16DCD 


15 TxRDY 


o Internal or External Baud Rate Clock 
-16 
Internal Rates:50 to 19,200 Baud 
o Single +5 volt Power Supply 
o TTL Compatible 
o No System Clock Required 
o Compatible with 2651, INS2651 


The COM 2651 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® 
technology 


that 
meets the majority 
of asynchronous 
and 


synchronous 
data communication 
requirements, 


by interfacing 
parallel 
digital 
systems 
to asyn- 


chronous 
and synchronous 
data communication 


channels while requiring 
a minimum of processor 


overhead. 
The COM 2651 contains 
a baud rate 


generator 
which 
can be programmed 
to either 


accept 
an external 
clock 
or to generate 
internal 


transmit 
or receive clocks. Sixteen different 
baud 


rates can be selected under program control when 
operating 
in the internal clock mode. The on-chip 


baud rate generator can be ROM reprogrammed to 
accommodate 
different 
baud rates and different 


starting frequencies. 
The 
COM 
2651 is a Universal 
Synchronous/ 


Asynchronous 
Receiver/Transmitter 
(USART) 


designed 
for 
microcomputer 
system 
data com- 


munications. 
The USART is used as a peripheral 


and is programmed 
by the processor 
to com- 
municate 
in commonly 
used asynchronous 
and 


synchronous 
serial data transmission 
techniques 


including 
IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely 
received 


or transmitted 
a character 
and requires service. 


Complete 
USART 
status 
including 
data format 
errors 
and control 
signals 
is available 
to the 


processor at any time. 


I 


STANDARD MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are inciuded as a means of illustrating 
typical semiconductor 


CORPOR I\Tlt"\AI 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 


1"\IIVI1Ij 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 


._ •••••~ 
•••". 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 
'"''m·,'., . ,.m_ 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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COM 2661-1 
COM 2661-2 
COM 2661-3 
fJPC FAMILY 
Enhanced Programmable 
Communication Interface 
EPCI 


STANDARD MICROSYSTEMS 
CORPORATION,eI 


FEATURES 
D Synchronous 
and Asynchronous 
Full Duplex or 


Half Duplex Operations 


D Re-programmable 
ROM on-chip 
baud 


rate generator 


D Synchronous 
Mode Capabilities 
-Selectable 
5 to 8-Bit Characters 
-Selectable 
1 or 2 SYNC Characters 
-Internal 
or External Character Synchronization 


- 
Transparent or Non-Transparent 
Mode 


- 
Transparent 
mode DLE stuffing 
(Tx) 


and detection 
(Rx) 
-Automatic 
SYNC or DLE-SYNC Insertion 


-SYNC, 
DLE and DLE-SYNC stripping 
-Odd, 
Even, or No Parity 
- 
Local or remote maintenance loop back mode 


D Asynchronous 
Mode Capabilities 


-Selectable 
5 to 8-Bit Characters 
plus parity 
-3 
Selectable Clock Rates (lX, 16X, 64X the 


Baud Rate) 


- 
Line Break Detection and Generation 
-1, 
1'12,or 2-Stop Bit Detection and Generation 
-False 
Start Bit Detection 
-Odd, 
Even, or No Parity 


- 
Parity, Overrun, and framing error detect 
- 
Local or remote maintenance loop back mode 


-Automatic 
serial echo mode (echoplex) 


D Baud Rates 


-DC 
to 1.0M Baud (Synchronous) 


-DC 
to tOM Baud (lX, Asynchronous) 


-DC 
to 62.5K Baud (16X, Asynchronous) 
-DC 
to 15.625K Baud (64X, Asynchronous) 


D2 1 


D3 
2 


RxD 
3 


GND 
4 


D4 5 


D5 6 
D6 7 


D7 8 


TxC/XSYNC 
9 


A110 
CE11 


A012 


R/W13 


RxRDY 14 


28D1 


27DO 


26 Vcc 


25 RxC/BKDET 


24DTR 
23RTS 


22DSR 


21 RESET 


20BRCLK 


19TxD 


18TxEMT/DSCHG 


17CTS 


16DCD 


15TxRDY 


D Double Buffering 
of Data 


D RxC and TxC pins are short circuit 
protected 


D Internal or External Baud Rate Clock 
D 3 baud rate sets (2661-1, -2, -3) 
D 16 internal rates for each version 
D Single +5 volt Power Supply 
D TTL Compatible 
D No System Clock Required 
D Compatible 
with EPCI 2661 


GENERAL 
DESCRIPTION 


The COM 2661 is an MOS/LSI 
device fabricated 
The 
COM 
2661 is a Universal 
Synchronous/ 


using SMC's patented 
COPLAMOS® 
technology. 
Asynchronous 
Receiver/Transmitter 
(USART) 
It is an enhanced 
pin and register 
compatible 
designed 
for microcomputer 
system 
data com- 
version of the COM 2651 that meets the majority of 
munications. 
The USART is used as a peripheral 


asynchronous 
and synchronous 
data communica- 
and 
is programmed 
by the processor 
to com- 


tion requirements, 
by interfacing 
parallel digital 
municate 
in commonly 
used asynchronous 
and 


systems to asynchronous 
and synchronous 
data 
synchronous 
serial data transmission 
techniques 
communication 
channels 
while 
requiring 
a mini- 
including 
IBM Bi-Sync. The USART receives serial 


mum 
of 
processor 
overhead. 
The 
COM2661 
data streams and converts them into parallel data 
contains 
a baud 
rate generator 
which 
can be 
characters for the processor. While receiving serial 


programmed 
to either accept an external clock or 
data, the USART will also accept data characters 
to generate 
internal 
transmit 
or receive clocks. 
from the processor in parallel format, convert them 


Sixteen different 
baud rates can beselected under 
to serial format and transmit. The USART will sig- 


program 
control 
when operating 
in the internal 
nal the processor when it has completely 
received 


clock 
mode. Each version of the COM 2661 (-1, 
or transmitted 
a character 
and requires service. 
-2, -3) has a different 
set of baud rates. Custom 
Complete 
USART status 
including 
data format 
baud rates can be ROM reprogrammed 
to accom- 
errors 
and control 
signals 
is available 
to the 


modate different 
baud rates and different starting 
processor at any time. 
frequencies. 


• 


STANDARD 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPOR 
I\TV\AI 
applications: consequently complete Information Sufficient for construellon purposes ISnot necessanly given. 


1"\1lVI'll, 
The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
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for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 
'" "", . 'M""""" 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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COM 5025 
JJ.; PC FAMILY 


Multi-Protocol 
Universal Synchronous ReceiverlTransmitter 
USYNR/T 


o Selectable Protocol-Bit 
or Byte oriented 


o Direct TIL Compatibility 
o Three-state Input/Output 
BUS 
o Processor Compatible-8 
or 16 bit 


o High Speed Operation-1.5 
M Baud-typical 


o Fully Double Buffered-Data, 
Status, and Control Registers 


o Full or Half Duplex Operation-independent 
Transmitter and 
Receiver Clocks 
-individually 
selectable data 
length for Receiver and 
Transmitter 


o Master Reset-resets 
all Data, Status, and Control Registers 


o Maintenance Select-built-in 
self checking 


BIT ORIENTED PROTOCOLS-SDLC, 
HDLC, ADCCP 


D Automatic bit stuffing and stripping 
D Automatic frame character detection and generation 
D Valid message protection-a 
valid received message is 
protected from overrun 


D Residue Handling-for 
messages which terminate with a 
partial data byte, the number of valid 
data bits is available 


SELECTABLE OPTIONS: 
D Variable Length Data-1 
to 8 bit bytes 


D Error Checking-GRC 
(CRC16, CCITT-O,or CCITT-1) 


-None 


D Primary or Secondary Station Address Mode 
D All Parties Address-APA 
D Extendable Address Field-to 
any number of bytes 


D Extendabie Control Field-to 
2 bytes 


D Idle Mode-idle 
FLAG characters or MARK the line 


D Point to Point, MUlti-drop, or Loop Configuration 


I 


voo 
MSEl 


ACP 
TCP 


ASI 
TSO 


SFA 
TXENA 


RXACT 
TSA 


ADA 
TBMT 


ASA 
TXACT 


AXENA 
MA 


GNO 
Vo< 


DBBS 
0800 


DBil9 
08~1 


0810 
0802 


0811 
0803 


0812 
0804 


DB13 
0805 


0814 
0806 


oB15 
0807 


WA 
DPENA 


A2 
BYTE OP 


A0 


BYTE ORIENTED PROTOCOLS-BiSync, 
DDCMP 


D Automatic detection and generation of SYNC characters 


SELECTABLE OPTIONS: 
D Variable Length Data-1 
to 8 bit bytes 


D Variable SYNC character-5, 
6, 7, or 8 bits 


D Error Checking-CRC 
(CRC16, CCITT-O, or CCITT-1) 


-VRC 
(odd/even parity) 


-None 


D Strip Sync--<Jeletion of leading SYNC characters after 


synchronization 


D Idle Mode-idle 
SYNC characters or MARK the line 


D Intelligent Terminals 
D Line Controllers 
D Network Processors 
D Front End Communications 


D Remote Data Concentractors 
D Communication 
Test Equipment 
D Computer 
to Computer 
Links 
D Hard Disk Data Handler 


The COM 5025 is a COPLAMOS® 
n channel silicon gate MOS/LSI 
device that meets the majority of 


synchronous 
communications 
requirements, 
by interfacing 
parallel digital systems to synchronous 
serial 
data communication 
channels 
while requiring 
a minimum of controller 
overhead. 


The COM 5025 is well suited for applications 
such as computer 
to modem interfaces, 
computer 
to computer 
serial links and in terminal applications. 
Since higher level decisions 
and responses 
are made or initiated by the 
controller, 
some degree of intelligence 
in each controller 
of the device is necessary. 


Newly emerging 
protocols 
such as SOLC, HOLC, and AOCCP will be able to utilize the COM 5025 with a 


high degree of efficiency 
as zero insertion for transmission 
and zero deletion for reception 
are done 


automatically. 
These protocols 
will be referred to as Bit Oriented 
Protocols 
(BOP). Any differences 
between 
them will be discussed 
in their respective 
sections. 
Conventional 
synchronous 
protocols 
that are control 


character 
oriented such as BISYNC can also utilize this device. Control Character 
oriented 
protocols 
will be 
referred to as CCP protocols. 
Other types of protocols that operate on a byte or character 
count basis can 
also utilize the COM 5025 with a high degree of efficiency 
in most cases. These protocols, 
such as OOCMP 
will also be referred to as CCP protocols. 


The COM 5025 is designed 
to operate in a synchronous 
communications 
system where some external 


source is expected 
to provide the necessary 
received serial data, and all clock signals properly 


synchronized 
according 
to EIA standard 
RS334. The external controller 
of the chip will provide the 


necessary 
control signals, intelligence 
in interpreting 
control signals from the device and data to be 


transmitted 
in accord with RS334. 


The receiver and transmitter 
are as symmetrical 
as possible without loss of efficiency. 
The controller 
of the 
device will be responsible 
for all higher level decisions 
and interpretation 
of some fields within message 


frames. The degree to which this occurs is dependent 
on the protocol being implemented. 
The receiver and 
transmitter 
logic operate as two totally independent 
sections 
with a minimum 
of common 
logic. 


1. ANSI-American 
National Standards 
Institute 


X353, XS34/589 
202-466-2299 


2. CCITT -Consultative 
Committee 
for International 


Telephone 
and Telegraph 


X.25 
202-632-1007 


BOP 


CCP 


TDB 


RDB 


TDSR 


FLAG 


ABORT 


3. EIA-Electronic 
Industries 
Association 
TR30, RS334 
202-659-2200 


4. IBM 
General 
Information 
Brochure, 
GA27-3093 
Loop Interface-OEM 
Information, 
GA27-3098 


System Journal-Vol. 
15, No.1, 
1976; G321-0044 


Terminology 


Bit Oriented 
Protocols: 
SDLC, 
HDLC, 
ADCCP 


Control 
Character 
Protocols: 
BiSync, 
DDCMP 


Transmitter 
Data Buffer 


Receiver 
Data Buffer 


Transmitter 
Data Shift Register 


01111110 


11111111 
(7 or more contiguous 
l's) 


GA 


LSB 


MSB 


RDP 


TDP 


LM 


01111111 
(0 (LSB) 
followed 
by 7-1's) 


First transmitted 
bit, First received 
bit 


Last transmitted 
bit, Last received 
bit 


Receiver 
Data Path 


Transmitter 
Data Path 


Loop Mode 


MASTER 
RESET 


:1 
1_ 


1 


: 


: 
TIMING 
& CONTROL 
~----------- 


RCP 


RXENA 


RXACT 


RDA 


RSA 


Description of Pin Functions 


Pin No. 
Symbol 
Name 
I/O 
Function 


1 
Voo 
Power Supply 
PS 
+ 12 volt Power Supply. 


2 
RCP 
Receiver Clock 
I 
The positive-going edge of this clock shifts data into the receiver shift register. 


3 
RSI 
Receiver Serial Input 
I 
This input accepts the serial bit input stream. 


4 
SFR 
Sync/Flag 
0 
This output is set high, for 1 clock time of the 
Received 
RCP, each time a sync or flag character is received. 


5 
RXACT 
Receiver Active 
0 
This output is asserted when the RDP presents the first data character of the 
message to the controller. In the BOP mode the first data character is the first 
non-flag character (address byte). In the CCP mode: 1. if strip-sync is set; the 
first non-sync character is the first data character 2. if strip-sync is not set; the 
first data character is the character following the second sync. In the BOP 
mode the trailing (next) FLAG resets RXACT. In the CCP mode RXACT 
is never reset, it can be cieared via RXENA. 


6 
RDA 
Receiver Data 
0 
This output is set high when the RDP has assembled an entire character and 
Available 
transferred it into theiRDB. This output is reset by reading the ROB. 


7 
RSA 
Receiver Status 
0 
This output is set high: 1. CCP-in 
the event of receiver over run (ROR) 
Available 
or parity error (if selected), 2. BOP-in 
the event of ROR, CRC error (if selected) 


receiving REOM or RAB/GA. This output is reset by reading the 
receiver status register or dropping of RXENA. 


6 
RXENA 
Receiver Enable 
A high level input allows the processing of RSI data. A iow 
level disables the RDP and resets RDA, RSA and RXACT. 


9 
GND 
Ground 
GND 
Ground 


10 
DB~6 
Data Bus 
I/O 
Bidirectionai Data Bus. 


11 
DBIJ9 
Data Bus 
I/O 
Bidirectional Data Bus. 


12 
DB1~ 
Data Bus 
I/O 
Bidirectional Data Bus. 


13 
DB11 
Data Bus 
I/O 
Bidirectional Data Bus. 
Wire "OR" with DB""·DB"7 


14 
DB12 
Data Bus 
I/O 
Bidirectional Data Bus. 
For 6 bit data bus 


15 
DB13 
Data Bus 
I/O 
Bidirectional Data Bus. 


16 
DB14 
Data Bus 
I/O 
Bidirectional Data Bus. 
17 
DB15 
Data Bus 
I/O 
Bidirectional Data Bus. 
16 
W/R 
Write/Read 
i 
Controls direction of data port. W/R= 1, Write. W/R=O, Read. 
19 
A2 
Address 2 
I 
Address input-MSB. 


20 
Al 
Address 1 
I 
Address input. 


21 
M 
Address 0 
I 
Address input-LSB. 


22 
BYTEOP 
Byte Operation 
I 
if asserted, byte operation (data port is 6 bits wide) is 
selected. If BYTE OP=O, data port is 16 bits wide. 


23 
DPENA 
Data Port Enable 
Strobe for data port. After address, byte op, W/R and data are set-up DPENA 
may be strobed. If reading the port, DPENA may reset (depending on register 
selected by address) RDA or RSA. If writing into the port, DPENA may reset 
(depending on register selected by address) TBMT. 


24 
DB07 
Data Bus 
I/O 
Bidirectional Data Bus-MSB. 
25 
DBliI6 
Data Bus 
I/O 
Bidirectional Data Bus. 
26 
DBIJ5 
Data Bus 
I/O 
Bidirectional Data Bus. 


27 
DB"'4 
Data Bus 
I/O 
Bidirectional Data Bus. 


26 
DBli!3 
Data Bus 
I/O 
Bidirectional Data Bus. 


29 
DBliI2 
Data Bus 
I/O 
Bidirectional Data Bus. 


30 
DBjill 
Data Bus 
I/O 
Bidirectional Data Bus. 


31 
DB~~ 
Data Bus 
I/O 
Bidirectional Data Bus-LSB. 


32 
Vcc 
Power Supply 
PS 
+5 volt Power Supply. 


33 
MR 
Master Reset 
I 
This input should be pulsed high after power turn on. This will: clear all flags, and 
status conditions, set TBMT ~ 1, TSO= 1 and place the device in the primary 
BOP mode with 6 bit TX/RX data length, CRC CCITT initialized to all 1'so 


34 
TXACT 
Transmitter Active 
0 
This output indicates the status of the TOP. TXACTwili 
go high after asserting 
TXENA and TSOM coinsidently with the first TSO bit. This output will reset one 
half clock after the byte during which TXENA is dropped. 


35 
TBMT 
Transmitter Buffer 
0 
This output is at a high level when the TDB 
Empty 
or the TX Status and Control Register may be loaded with 
the new data. TBMT = 0 on any write access to TDB or TX Status and 
Control Register. TBMT returns high when the TDSR is loaded. 


36 
TSA 
Transmitter Status 
0 
TERR bit, indicating transmitter underflow. 
Available 
Reset by MR or assertion of TSOM. 


37 
TXENA 
Transmitter Enable 
A high level input allows the processing of transmitter 
data. 


36 
TSO 
Transmitter Serial 
0 
This output is the transmitted character. 
Output 


39 
TCP 
Transmitter Clock 
The positive going edge of this clock shifts data out of the 
transmitter shift register. 


40 
MSEL 
Maintenance 
Internally RSI becomes TSO and RCP becomes TCP. 
Select 
Externally RSI is disabled and TSO= 1. 
68 


Definition of Terms 
Register Bit Assignment 
Chart 1 and 2 


Definition 


Receiver Start of Message-read 
only bit. In BOP mode only, goes high when first non-flag (address byte) 


character loaded into RDB. It is cleared when the second byte is loaded into the RDB. 
Receiver End of Message-read 
only bit. In BOP mode only, set high when last byte of data loaded into RDB, or 


when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA. 
Received ABORT or GO AHEAD character, read only bit. In BOP mode only, if LM=O this bit is set on receiving an 
ABORT character; if LM= 1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of 
Receiver Status Register or dropping of RXENA. 
Receiver Over Run-read 
only bit. Set high when received data transferred into RDB and previous data has not 


been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status 
Register or dropping of RXENA. 
Assembled Bit Count-read 
only bits. In BOP mode only, examine when REOM= 1. ABC=O, message·terminated 
on stated boundary. ABC=XXX, 
message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 
= number of valid bits available in RDB (right hand justified). 
Error Check-read 
only bit. In BOP set high if CRC selected and received in error, examine when REOM= 1. In 


CCP mode: 1. set high ~parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR 
CHK = 1 if CRC GOOD, ERR CHK = 0 if CRC NOT GOOD. Controller must determine the last byte of the 
message. 


Transmitter Start of Message-W/R 
bit. Provided TXENA= 1, TSOM initiates start of message. In BOP, TSOM= 1 


generates FLAG and continues to send FLAG's until TSOM=O, then begin data. In CCP: 1. IDLE=O,transm~ 
out of 


SYNC register, continue until TSOM=O, then begin data. 2. IDLE=1transmit 
out of TDB. In BOP mode there is also 


a Special Space Sequence of 16-0's initiated by TSOM = 1 and TEOM = 1. SSS is followed by FLAG. 
Transmit End of Message-W/R 
bit. Used to terminate a message. In BOP mode, TEOM=1 
sends CRC, then 
FLAG; ifTXENA=1 
and TEOM=1 
continue to send FLAG's, ifTXENA=O 
and TEOM=1 
MARK line. In CCP: 1. 
IDLE=O, TEOM= 1 send SYNC, if TXENA= 1 and TEOM= 1 cOntinue to send SYNC's, if TXENA=O and TEOM= 1 
MARK line. 2. IDLE=1, TEOM=1, 
MARK line. 
. 


Transmitter Abort-W/R 
bit. In BOP mode only, TXAB= 1 finish present character then: 1. IDLE=O, transmit ABORT 


2. IDLE = 1, transmit FLAG. 
Transmit Go Ahead-W/R 
bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. 


Allows loop termination--GA 
character. 


Transmitter Error-read 
only bit. Underflow, set high when TDB not loaded in time to maintain continuous 
transmission. In BOP automatically transmit: 1. IDLE=O, ABORT 2. IDLE= 1, FLAG. In CCP automatically transmit: 
1.IDLE=0, 
SYNC2. 
IDLE=1, MARK. Cleared by TSOM. 


Z 
Y 
X 
-W/R 
bits. These are the error control bits. 
o 
0 
0 
X"+ 
X"+ 
X5+ 1 CCITI -Initialize 
to "1" 


o 
0 
1 
X'5+ X12+ X5+ 1 CCITI -Initialize 
to "0" 


o 
1 
0 
Not used 
o 
1 
1 
X'5+ X15+ X'+ 
1-CRC16 
1 
0 
0 
Odd Parity-CCP 
Only 
1 
0 
1 
Even Parity-CCP 
Only 
1 
1 
0 
Not Used 
1 
1 
1 
Inhibit all error detection and transmission 
Note: Do not modify XYZ until both data paths are idle 
IDLE mode select-W/R 
bit. Affects transmitter only. In BOP-<:ontrol 
the type of character sent when TXAB 
asserted or in the event of data underflow. In CCP-<:ontrols 
the method of initial SYNC character transmission and 


underflow, "1" = transmit SYNC from TDB, "O"=transmit 
SYNC from SYNC/ADDRESS 
register. 


Secondary Address Mode-W/R 
bit. In BOP mode only-after 
FLAG looks for address match prior to activating 
RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD=1 or EXCON=1. 
STRIP SYNC/LOOP 
Strip Sync or Loop Mode-W/R 
bit. Effects receiver only. In BOP mode-allows 
recognition of a GA character. In 
CCP-after 
second SYNC, strip SYNC; when first data character detected, set RXACT = 1, stop stripping. 


PROTOCOL-W/R 
bit. BOP=O, CCP= 1 
All Parties Address-W/R 
bit. If selected, modifies secondary mode so that the secondary address or B-1's will 


activate the RDP. 


Transmitter Data Length-W/R 
bits. 


TXDL3 
TXDL2 
TXDL1 
LENGTH 
o 
0 
0 
Eight bits per character 
1 
1 
1 
Seven bits per character 
1 
1 
0 
Six bits per character 
1 
0 
1 
Five bits per character 


1 
0 
0 
Four bits per character' 
o 
1 
1 
Three bits per character' 


o 
1 
0 
Two bits per character' 


o 
0 
1 
One bit per character' 


'For data length only, not to be used for SYNC character (CCP mode). 
Receiver Data Length-W/R 
bits. 


RXDL3 
RXDL2 RXDL 1 
LENGTH 
o 
0 
0 
Eight bits per character 
1 
1 
1 
Seven bits per character 
1 
1 
0 
Six bits per character 
1 
0 
1 
Five bits per character 
1 
0 
0 
Four bits per character 
o 
1 
1 
Three bits per character 
o 
1 
0 
Two bits per character 
o 
0 
1 
One bit per character 
Extended Control Field-W/R 
bit. In receiver only; if set, will receive control field as two B·bit bytes. Excon bit should 
not be set if SEC ADD = 1. 
Extended Address Field-W/R 
bit. In receiver only; LSB of address byte tested for a "1 ". If NO-<:ontinue 
receiving 


address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD = 1. 


'Note: 
Product manufactured 
before 1079 may not have this feature. 


I 


Register Bit Assignment Chart 1 


REGISTER 
OPB7 
OP"6 
opes 
OPlJ4 
OP"3 
OP;2 
OP;1 
OPlJlJ 


Receiver 
Data 
RD7 
RD6 
RD5 
RD4 
RD3 
RD2 
RD1 
ROm 
Buffer 


(Read Only- 
MSB 
LSB 
Right Justified- 
Unused 
Bits= 0) 


Transmitter 
Data 
TO? 
T06 
TD5 
TD4 
T03 
TD2 
T01 
TD~ 
Register 


(Read/Write- 
MSB 
LSB 
Unused 
Inputs=X) 


Sync/Secondary 
SSA? 
SSA6 
SSA5 
SSM 
SSA3 
SSA2 
SSA1 
SSA,0 
Address 
MSB 
LSB 
(Read/Write- 
Right Justified- 
Unused 
Inputs=X) 


Register Bit Assignment Chart 2 


REGISTER 
OP1S 
OP14 
OP13 
OP12 
OP11 
OPllt 
OP"9 
ope's 


Receiver 
Status 
ERRCHK 
C 
B 
A 
ROR 
RAB/GA 
REOM 
RSOM 


(Read Only) 


TX Status 
TERR 
0 
0 
0 
TXGA 
TXAB 
TEOM 
TSOM 
and Control 
(Read Only) 


(ReadIWrite) 


Mode Control 
*APA 
PROTOCOL 
STRIP 
SECADD 
IDLE 
Z 
Y 
X 


(Read/Write) 
SYNC/ 
LOOP 


Data Length 
TXDL3 
TXDL2 
TXDL1 
EXADD 
EXCON 
RXDL3 
RXDL2 
RXDL1 
Select 
(Read/Write) 


• Note: Product manufactured 
before 1079 may not have this feature. 


Register Address Selection 


1) BYTE OP = 0, data port 16 bits wide 
A2 
A1 
ft$ 
o 
0 
X 
o 
1 
X 


1 
0 
X 


1 
1 
X 


X = don't care 


Register 


Receiver 
Status 
Register 
and Receiver 
Data Buffer 


Trar,lsmitter 
Status 
and Control 
Register 
and Transmitter 
Data 
Buffer 


Mode Control 
Register 
and SYNC/Address 
Register 


Data Length 
Select 
Register 


2) 
BYTE OP = 1, data port 8 bits wide 


A2 
A1 
Ag 


000 


001 


010 
o 
1 
1 


100 
1 
0 
1 
1 
1 
0 


1 
1 
1 


Register 


Receiver 
Data Buffer 


Receiver 
Status 
Register 


Transmitter 
Data Buffer 


Transmitter 
Status 
and Control 
Register 


SYNC/Address 
Register 


Mode Control 
Register 


MA 
JL W/A::1 


n NOTE 
1 
DPENA 
-.JC 


(no'clock 
edgorelalodJ 


W/R=On ~EAO 
.J t..:TX 


I 
I 
I 
I 
I 
I 


en I 
I 


~ 


RXENA 


SFR 
~ 


RS' 


RDA 
~ 


RSA 
~ 


s-LSL 


~SYNC~_SYNC---1 


==~~~I~[ 
l~_ 
l 
r=m= 


W/R=O 


n!!EAO 
...J 
~ATA 
1 


L 
I 
I 
I 
=r= 
JL 
I 
I 


n~_~n~__ rL 


FIRST 
SYNC 
SECOND 
SYNC 
I 
IJI 
SENT 
IJI 
SENT 
I 
__ n__n 
~/F/ 


NOTE 
t 
lOAD 
MODE 
SYNC 
T50M::1 
T50M::1 
TSQM=O 
srx 


DPENA 
~~ 
.n~ 
J~NOTE2~ 


(nOI ClOCk edge 
related) 


I 
I 
I 
ILJ 
~ 


I 
•. I •• 
SYNC 


SULIl,yUU~Lf~1S#L.J~Lf~ULJ~L~L~U#LflJLS 
JL 
WIR.,O 
WfA 
0 
W/A",O 
W/R_O 
WfR=O 
W/R 
0 
WIA'=O 
WIR •• O 
AddressByte 
RAd$talul 
CootrolByte 
Ca.-8yt." 
OalaByte.2 
Oa.aByt.'3 
OataByte,4 
R•.clStatul 
--Jl- .3l. ~ 
.-lL -.fl ~ 
~ 
, 
, 
, 
----,--, 


c •• 


W/R 
1 


nNOTE , 
oPENA -----l ~ 


not cloclt 
edge 
, ••• 
eel 


~--- 
-.d---=r 
]-- 
~-- 


5L 
fLAG IAdd,..,.~. 


s-L J 
EEL 


G·6 


L 


L JLfin 
~ 


.JNOTE' 
~ 


~ 


BOP TRANSMITTER 
OPERATION 
~/-fl-SU~ 
JLJ#LJ1Sl.//Sli //~//JLrUL 


~S-.. 
...l- 


, 
I 
load 
loed 
load 
TSOM 
1 
I TSOM"'O 
Address, 
Conl:rol 
Dala length 


OPENA 
~Nol"-i 
rL --L 


not clock edge related 
: 
i 
t 


, 
I 
~~-~' 
: 


TBMT~ 
I 


Load 
OataByte 
-lL 


TEOM-1 
--lL 


~ 


TXACT ~~~ 
~IH 


~Fl.AG" 


TSO~ 


I----eLAG 


----r:=-CRCl 
r--- 
~Ias~ 


~ 
... -----l 
MARK 


~• 


TCP~ 


~ 
TBMT~ 


DPENA 
I 
W/R~1 
to Transm,ner 
__ 


Registers 
~ 


~s 


TBMT 
L- 


TCP 


1150 ns 


TSO r 


TXACT 


1.300nSr 


RCP 
\~ 
__ 


~ns 


RXACT ~~_~_lC 
~r- 


RDA,RSA 
~ 


DPENA 
\ 
W/R~O 
to Receiver 
~ 
_ 
Registers 
b 
~I 


RDA,RSA~ 


RXENAJ 


=!=300ns. 
min 


Resets: RDP·RDA. RSA, 


RXACT, receiver 
into search 
mode (for FLAG) 


Data Port Timing 


:~~~WROw#a 
.1" 
T.. .)0,11110 
I~ 
T., 
"I: 
Two.,.. 
- 
- 
- 


D"NA 
__ 
~I 
\~ 
__ 


! 
TO'. 
I 
I.. 
Tooo "I 


~~:"1/1/1MlH711/ /i!jl;i<~_ ,11/;-1/;;-711-0; 


:~~~WR" lI/I/b(~ 
>WIa 


I 
To, 
I 
T_,.. 
I 
I 
. 
... 
.- 
..---. 


___ 
I 
\~__ 
I. 
To> 
.j 
I.. 
To. 
"I 
~~:"-/i*-1s!/)(==========WI/ffi 
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MAXIMUM 
GUARANTEED 
RATINGS' 
Operating 
Temperature 
Range 
...............•.......•.............. 
, 
O'C to + 
70'C 
Storage 
Temperature 
Range 
.........................•...•.......•......................... 
- 55'C 
to + 150'C 
Lead Temperature 
(soldering. 
10 sec.) 
..................................................•............ 
+ 325'C 
Positive 
Voltage 
on any Pin, with respect 
to ground 
+ 18.0V 
Negative 
Voltage 
on any Pin, wlth respect 
to ground 
-0.3V 


'Stresses 
above those listed may c;ause permanent 
damage 
to the device. 
This is a stress 
rating only and 


functional 
operation 
of the device 
at these or at any other condition 
above those indicated 
in the operational 


sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this 
device 
from 
laboratory 
or system 
power 
supplies. 
it is important 
that 
the Absolute 
Maximum 
Ratings 
not be exceeded 
or device 
failure 
can 
result. 
Some 
power 
supplies 


exhibit 
voltage 
spikes 
or "glitches" 
on their 
outputs 
when 
the AC power 
is switched 
on and off. 
In addition, 
voltage 
transients 
on the AC power 
line 
may appear 
on the DC output. 
For example. 
the 
bench 
power 
supply 
programmed 
to deliver 
+ 12 volts 
may have 
large 
voltage 
transients 
when 
the 


AC power 
is switched 
on and off. If this 
possibility 
exists 
it is suggested 
that a clamp 
circuit 
be used. I 


Parameter 
Min. 
Typ. 
Max. 
Unit 
Comments 


D.C. Characteristics 
INPUT 
VOLTAGE 
LEVELS 


Low Level. 
V,L 
0.8 
V 
High Level, 
V,H 
2.0 
Vee 
V 


OUTPUT 
VOLTAGE 
LEVELS 
Low Level, 
VOL 
0.4 
V 
IOL=1.6ma 


High Level, 
VOH 
2.4 
IOH=40!La 


INPUT 
LEAKAGE 


Data Bus 
5.0 
50.0 
!La 
0,,;;V,N,,;;5v. DPENA= 
0 or 


All others 
!La 
VIN=+5v 
INPUT 
CAPACITANCE 


Data Bus. C,N 
pf 


Address 
Bus. C,N 
pf 
Clock. 
CIN 
pf 


All other. CIN 
pf 


POWER 
SUPPLY 
CURRENT 
Ice 
70 
ma 


100 
90 
ma 


A.C. Characteristics 
TA=25'C 
CLOCK-RCP, 
TCP 
frequency 
DC 
1.5 
MHz 


PWH 
325 
ns 
PWL 
325 
ns 


t••t, 
10 
ns 


DPENA. 
TWOPENA 
250 
50 !LS 
ns 


Set-up 
Time. TAS 
0 
ns 


ByteOp. 
W/R 
A2. A,. Ao 
Hold Time. TAH 
0 
ns 
ByteOp, 
WIR. 
A2, A" 
Ao 
DATA BUS ACCESS. 
TOPA 
150 
ns 
DATA BUS DISABLE 
DELAY. 
Topo 
100 
ns 
DATA BUS SET-UP 
TIME, TOBS 
0 
ns 
DATA 
BUS HOLD TIME. 
TOBH 
100 
ns 
MASTER 
RESET. 
MR 
350 
ns 


Receiver Data 
and 
Receiver Status 
Access Sequence 


Circuit diagrams utilizing SMC products are included as a means of illustrating 
typical semiconductor 
applica- 
tions; consequently 
complete 
information 
sufficient 
for construction 
purposes is not necessarily given. The 
information 
has been carefully checked and is believed to be entirely reliable. However, no responsibility 
IS 
assumed 
for Inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the semiconductor 
devices described 
any license under the patent rights of SMC or others. SMC reserves the nght to make changes 
at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
CORPORATION4I 
COM52C50 
PRELIMINARY 


TWINAX Interface Circuit (TIC) 


FEATURES 
o Conforms 
to IBM® 5250 Standard 
used in IBM System 


/36 and /38. 


o Operates 
at 1Mbps Data Rate 


o Transmits 
and Receives 
Manchester 
II Encoded 
Data 


o On Chip Odd or Even Parity Generation 
and Checking 


o Programmable 
Interframe Zero Bit Insertion 


o Handles 
Multi Byte and Single Byte Transfers 


o Multiple Address 
Select Register Allows for Up to 7 
Node Address 
Emulation 


o Programmable 
Extended TX Enable 


o Internal/External 
Loopback 
Capability 
for Self Test 


Diagnostics 


o On Board Predistortion 
Circuitry 


o Low Power CMOS 
o On Board Crystal Oscillator 
Simplifies 
Clock 


Generation 


o 8 MHz Clock Output for General 
Use 


o Incorporates 
a Three Level Receive 
FIFO to Simplify 


Processor 
Interface 


o Compatible 
with high speed microprocessor 
with no 


wait state up to 10 MHz (80186, 68000 etc ...) 


o Programmable 
DMA and Jump Vectoring 
Interface 


o Independent 
RX DMA and TX DMA Request Signals 


o Programmable 
Interrupt Selection 


o 28 Pin Plastic Dual In Line and Chip Carrier Packages 
o Open Drain Output on Interrupt Pins 
o TTL Compatible 
Inputs and Outputs 


o Single +5v Supply 


I 
D, 
vcc 


D, 
D, 


WR 
Do 


TXEN 
cs 


DTX 
RD 


TX 
A" 


TX DMA 
A, 


RX 
A, 


D. 
INT, 


D, 
INT, 


RESET 
RX DMA 


XTAL, 
CLKOUT 


XTAL, 
D, 


GND 
D. 


25 24 23 22 21 20 19 


Do 
26 
18 
RXDMA 


D, 
27 
17 
CLKOUT 


Vcc 
28 
16 
D7 


D, 
1 
15 
D6 


D, 
2 
14 
GND 
WR 
3 
13 
XTAL, 


TXEN 
4 
12 
XTAL, 
567891011 


I 
x x « x.,,'" 
If- 
I-I-~O::OOLU 
o 
0 
rJJ 
X 
UJ 


f- 
a: 


The COM52C50 
TWINAX controller 
is a CMOS device that 


performs 
the communications 
interface 
to the IBM 5250 


TWINAXIAL 
bus. It interfaces to a general purpose micro- 


processor 
on one side and to the IBM 5250 TWINAXIAL 


bus on the other side. The COM52C50 
handles the parallel 


to serial and serial to parallel conversion 
of data to and from 


the TWINAXIAL 
bus and the encoding 
and decoding 
of 


data in Manchester 
II format. The COM52C50 
consists of a 


RECEIVE BLOCK, a TRANSMIT 
BLOCK, and CONTROL 


circuitry. 
The 
Receive 
and 
Transmit 
sections 
of the 


COM52C50 
are separate and may be used independent 
of 


one another. The COM52C50 
generates and detects the bit 


sync, 
frame 
sync, 
parity, 
and 
the fill zero 
bit patterns 


according 
to the IBM 5250 standard. 


cs 
AD 


WR 


AD - A2 


ADDRESS 
DECODE 


AND 
CONTROL 


TX 


DTX 


TXEN 


_RST 
-VCC 
_GND 


TWINAXIAL 
TX 
CABLE 


ENABLE 


TXD 


COM52C50 


AO-A2 
TWINAX 


INTERFACE 
TX 


• 
WR 
CHIP 


RD 


INT1 


INT2 


RX 


RESET 
CLKOUT 
XTAL 1 
XTAL 2 


SYSTEM 


RESET 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


1,2,9, 
Bidirectional 
DD-D7 
An 8 bit DATA BUS is used to interface the COM52C50 to the 
10,15,16, 
Data Bus 
processor Data Bus. 
26,27 


3 
Write Data 
WR 
A low pulse on this input (when CS is low) enables the COM52C50 
Strobe 
to accept the data or control information from the DATA BUS into 
the COM52C50. 


4 
TX Enable 
TXEN 
This output is active low when the transmit data is valid. It is used to 
enable the external TX driver circuitry. 


5 
Delayed TX 
DTX 
Delayed TX Manchester encoded. 


6 
TX Data 
TX 
Transmit data Manchester encoded. 


7 
TX Buffer 
TX DMA 
The TX Buffer Empty signal is used as a transmit DMA request. 


8 
RX Data 
RX 
This input accepts the receive Manchester II encoded bit stream. 


11 
Reset 
RST 
This pin resets the COM52C50 to a known state. In addition, it disables 
the TX and puts an inactive state on the interrupt lines. 


12 
Crystal 2 
XTAL2 
An external 16 MHz crystal is connected to these two pins. If an ex1ernal 
13 
Crystal 1 
XTAL, 
16 MHz TIL clock is used, it should be connected to XTAL, with a 
390 ohm pullup resistor; XTAL2 must be left floating. 


14 
Ground 
GND 
Ground 


17 
Clock Out 
CLKOUT 
This is a divide by two of the XTAL" 16 MHz input clock. It has a 50/50 
duty cycle and can be used as a clock input to the host microprocessor. 


18 
RX Buffer 
RX DMA 
The RX Buffer Full signal is used as a receive DMA request. 


19 
Error Related 
- 
This active low, open drain output provides the interrupt signal for 
INT2 


Interrupt 
error related operations. 


20 
Data Related 
INT, 
This active low,open drain output provides the interrupt signal for 


Interrupt 
data related operations. 


21 
Register 
A2 
During processor to COM52C50 communications, these inputs are 
22 
Address Select 
A, 
used to indicate which internal register will be selected for access by 
23 
AD 
the processor. 


24 
Read Data 
RD 
A low pulse on this input (when CS is low) enables the COM52C50 to 
Strobe 
place the data or status information on the DATA BUS. 


25 
Chip Select 
CS 
A low level on this input enable~e 
COM52C50 for reading and 
writing by the processor. When CS is high, the DATA BUS is in high 
impedance and the WR and RD will have no effect on the·chip. 


28 
Power Supply 
Vcc 
+5V Power Supply. 


FUNCTIONAL 
DESCRIPTION 


RECEIVE BLOCK 
The COM52C50 
recovers 
frames that conform to the IBM 


5250 protocol. It also checks the received frame for proper 
sync, parity and trailing zeros. The RX input is sampled at 8 
times 
the 
bit 
rate. 
The 
receive 
logic 
is 
brought 
into 


synchronization 
during 
bit and frame 
synchronization 


patterns. The internal receive clock is adjustE!d after each 
RX transition to compensate 
for bit jitter and distortion in the 


received 
data 
signal. 
In addition 
to the 
Receive 
Shift 


Register, the Receive block incorporates 
a two level First- 
in-First-out 
(FIFO) buffer. At the start of a message, 
the 


host microprocessor 
is alerted by handshake 
signals like 


Line Idle, Frame Sync Detect, Poll Command 
Detect, and 


Address 
Match. 
Thereafter, 
the 
RX 
Buffer 
Full 
signal 


informs 
the 
host 
microprocessor 
of the 
availability 
of 


received data. The end of a receive message 
is marked by 


either the detection of 1) End Of Message sequence 
2) Line 


Idle or 3) Receive 
Error. 


TRANSMIT 
BLOCK 
The COM52C50 
transmits 
data frames that conform to the 


IBM 5250 protocol. The transmit block consists 
of an 8 bit 


data 
buffer 
register, 
a present 
address 
register, 
16 bit 


parallel to serial shift register, and parity generation 
logic. A 


transmit operation 
is initiated by loading the transmit buffer 


register. The transmitted 
frame will consist of the sync bit, 


the 8 bits loaded by the host microprocessor 
into the buffer 


register, 
the 
present 
address 
from 
the 
PRESENT 


ADDRESS 
REGISTER, orthe (111) end of message code if 


the last frame is being transmitted, 
followed by a parity and 


three zero fill bits. After the host microprocessor 
loads the 


transmit 
buffer register, the TRANSMIT 
BUFFER 
EMPTY 


bit in the status 
register 
will 
become 
inactive. 
After 
a 


transfer of a data frame from the buffer register to the shift, 
register is accomplished, 
the TRANSMIT 
BUFFER EMPTY 


bit in the INTERRUPT AND TRANSMIT STATUS REGISTER 
becomes 
active. 
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I 


BIT STREAM 
The bit stream 
is serially transmitted 
to (or received 
from) 


the System Unit at a transmission 
bit rate of 1 Mbps (±2%). 


Therefore, 
1 microsecond 
is required for each bit, and 16 


microseconds 
are required for each frame. All information 


between a station and the System Unit is transmitted 
on the 


twinaxial 
cable. The COM52C50 
provides the transmitted 


serial 
data in Manchester 
encoded 
format 
where 
a "1" 


(one) bit is represented 
by a half bit cell of logical 
high 


followed 
by a half bit cell of logical low, and a 0 (zero) bit is 


represented 
by a half bit cell of logical low followed by a half 


bit cell of logical high. In addition, the COM52C50 
provides 


a Delayed Transmit 
Data signal which is delayed by 1/4 of 


a bit time to simplify 
the interface 
to the external 
driver 


circuitry. 


A message 
contains 
a bit sync 
pattern, 
a frame 
sync 


pattern, 
and a frame. 
The bit sync 
and the frame 
sync 


patterns establish synchronization 
between the station and 


the System Unit, and are transmitted 
prior to transm ission of 


the first frame. 


TABLE 2 - IBM 5250 FRAME FORMAT 


The frame format for command 
and data to and from the IBM 5250 attachment 
is a fixed 16 bit frame. Only 13 bits 
contain information. The general format is as follows: 


Transmissionstartsequence 
One5250 frame(16 bits) 
----_./'..._---------------_./'..._-------- 


,--- ......•. 
" 
- 
.-•.... 


""' 
_........ 
-- 
__ j-+---3J.lS-----.l 
-" -.. 


BIT 
DESCRIPTION 


0-2 
These bits are always O. 


3 
This is designated as the parity bit and will be set to ensure even parity in each frame. 


4-6 
These are the physical station address. Valid addresses are 000 to 110,and 111 is the end of message 
delimiter for 'the cable. A frame containing a 111station address causes the station to ignore all following cable 
activity until a bit and frame synchronization is detected following a line turnaround. In addition, if only one frame 
is sent from the system unrt,these bits represent the station address. If only one frame is sent from the work 
station, these bits are set to 111. 


7-14 
These bits contain command or data information. They represent a data by1eor a status by1efrom the station, or 
they represent a data by1eor a command from the system unit. 


15 
This is the sync bit. It is the first bit on the line and it is always set to 1. 


RESETIING 
THE COM52C50 
The 
COM52C50 
must 
be 
reset 
on 
power 
up. This 
is 


accomplished 
by either of two methods: Hardware Reset or 
Software 
Reset. 


Hardware 
Reset: 


should write a "one" 
in bit 0 of the Control 
Register. 


Writes to the Control Register bit 0 should be spaced 
such that the Internal 
Reset signal 
has a minimum 


duration of 1J.ls. 


Upon reset, all of the internal 
registers 
of the COM52C50 


will be cleared. 
In addition, the COM52C50 
enters an idle 


state in which 
it can neither transmit 
nor receive 
data. To 


disable undesired 
interrupts, the Interrupt Mask Register is 


set to 00 and the Status Registers bits are all inactive. 


On the COM52C50 
a RE$ET pin is dedicated to allow 


resetting of the device by applying 
a low level on the 
RST pin. The RESET signal should have a minimum 
duration of 1J.1s. 
Software Reset: 
INITIALIZING 
THE COM52C50 
The chip will also be reset when the Software Reset 
Following 
RESET, the COM52C50 
should be initialized 
by 
bit in the 
Control 
Register 
is asserted. 
The 
host 
writing a valid bit pattern to the Interrupt Mask Register, the 
microprocessor 
asserts Software 
Reset by writing a 
Mode Register, the Station Address Select Register. At this 


"zero" 
in bit 0 of the Control 
Register. To take the 
point, the Control Register can be used to enable Receive 
COM52C50 
out of reset, the host microprocessor 
and Transmit. 
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ADDRESS 
A2 
A1 
AO 
RD 
WR 


00 
0 
0 
0 
1 
0 
Mode Register 
W 


0 
0 
0 
0 
1 
Not Used 
R 


01 
0 
0 
1 
1 
0 
Interrupt Mask Register 
W 


0 
0 
1 
0 
1 
Interrupt Status Register 
R 


02 
0 
1 
0 
1 
0 
Address Select Register 
W 


0 
1 
0 
0 
1 
RX Status Register 
R 


03 
0 
1 
1 
1 
0 
Control Register 
W 


0 
1 
1 
0 
1 
RX Buffer 
R 


04 
1 
0 
0 
1 
0 
Zero Fill 
W 


1 
0 
0 
0 
1 
Not Used 
R 


05 
1 
0 
1 
1 
0 
Present Address Register 
W 
1 
0 
1 
0 
1 
Present Address Register 
R 


06 
1 
1 
0 
1 
0 
TX Buffer 
W 


1 
1 
0 
0 
1 
TX Status Register 
R 


07 
1 
1 
1 
1 
0 
TX Buffer EOM 
W 


1 
1 
1 
0 
1 
TX Status Register 
R 


REGISTER DESCRIPTIONS 


RX BUFFER 
This is the second 
level of a two byte deep Receive 
FIFO 


where the COM52C50 
Receive 
Block provides 
new data 


and the microprocessor 
reads it. This register contains the 


8 bit information 
field of an IBM5250 frame (bits 14-7). It is 


read by the host microprocessor 
after each frame reception 


which is indicated 
by the RX Buffer Full bit. This is an 8 bit 


read only register. 


TX BUFFER 
This 
register 
contains 
the 
8 bit information 
field 
of an 


IBM5250 
frame 
(bits 14-7). 
It is written 
to by the host 


microprocessor 
and contains the information to be sent out 


in the next frame. This is an 8 bit write only register. 


ZERO FILL REGISTER 
This eight bit register is loaded by the host microprocessor 
and contains 
the number of zero bits that should be filled 


between two frames. The host microprocessor 
would read 


a Set Mode Command 
and find out how many zero bytes 


must be padded on the next reply and then convert itto bits 
and write it to this register. The COM52C50 
takes care of 


inserting the programmed 
number of zero bits between two 


I 


frames. 
Up to 255 zero bits may be inserted 
in between 


frames. If no zero bit fill is required, this register should be 
cleared by writing a zero. The host microprocessor 
may not 


write to this register during data transmission. 
This register 


is cleared following 
RESET. 


INTERRUPT 
MASK REGISTER 
This is an 8 bit write only register which is loaded by the host 
microprocessor. 
ThifNfgrster 
controls 
interrupt generation 


on both the Tf\JTf and 
2 interru~irls. 
The most significant 


5 bits enable the generation 
of lNTT, the least significant 


3 bits enable the generation 
of Tf\JT2. 


INT1 


A logical 
one in a particular 
bit position 
will enable 
the 


corresponding 
bit in the Interrupt Status Register (bits 7-3) 


to cause an interrupt when it is set. 


INT2 


A logical one in a bits (2-1-0) 
will enable bits (7-6-5) 
in the 


RX Status Registerto cause an Tf\JT2 
interrupt when it is set. 


Upon Reset, this register 
is cleared 
to all zeros thereby 


disabling 
interrupts. This is an 8 bit write only register. 


ADDRESS 
SELECT 
REGISTER 


This is an eight bit Write Only Register that controls address 
bit 
recognition 
of any 
of the 
seven 
possible 
node 


addresses. 
A node may emulate more than one address at 


a time by programming 
a "one" 
in the corresponding 
bit of 


the Address 
Register. 


A "one" in anyone 
or more ofthe Address Select bits allows 


the COM52C50 
to respond to that group of addresses. 


Emulate one address: (3) 
1 
0 
0 
0 
1 
0 
0 
0 


Emulate four addresses: (6-4-3-0) 
,. 
1 
0 
1 
1 
0 
0 
1 


Emulate All Addresses: (6-5-4-3-2-1-0) 
1 
1 
1 
1 
1 
1 
1 
1 


DESCRIPTION 


BIT7 
I 
BIT6 
I 
BITS 


PRESENT 
ADDRESS 
REGISTER 


This register holds the present address 
information 
of the 
first frame fOllowing frame sync. It is used to convey 
the 
address information to the host microprocessor 
and has the 
address 
field 
information 
on 
all outgoing 
frames. 
This 
register 
is loaded 
by the Receive 
Block with the address 
information 
from the first frame following frame sync detect. 


This 
register 
can 
also 
be 
written 
to 
by 
the 
host 


microprocessor 
prior to initiating a Transmit sequence. The 
contents 
of this register 
are fed to the address 
compare 
logic which compares 
the Present Address to the Address 
Select Register. If a valid compare 
is detected, the Address 
Match bit in the Interrupt Status Register is set. 
During a receive session, the contents 
of this register are 
valid only after the RX Buffer Full bit is set "one". 
This is an eight bit read/write 
register. 


following 
software 
or hardware 
reset. 
The 
bits 
in this 
register are used to indicate the following 
information: I 


This is an eight bit register 
that can be read by the host 
microprocessor. 
The Interrupt 
Status Register 
is cleared 


BIT 
DESCRIPTION 


0 
RX PARITY 
ERROR 
Signals 
the microprocessor 
that the frame 
received 
contained 
an incorrect 
number 
.of binary 
"1" bits. This bit is 
set when the received 
frame 
has an incorrect 
parity bit and parity is enabled. 
This bit is cleared 
by: 
a. clearing 
RX Enable 
in the Control 
Register. 
b. setting 
Reset Errors in the Control 
Register. 
c. asserting 
internal 
RESET. 


d. asserting 
external 
hardware 
Reset. 


1 
RX BIPHASE 
ERROR 
Signals 
the microprocessor 
that a bit within 
a received 
frame 
has violated 
Biphase 
Manchester 
code 
(i.e. the two 
half bit cells of a bit were 
not complements). 
This bit is set when 
a Biphase 
error occurs 
during 
bits 0-15 
of a 
frame. 
This bit is cleared 
by: 


a. clearing 
RX Enable 
in the Control 
Register. 
b. setting 
Reset Errors 
in the Control 
Register. 


c. asserting 
internal 
RESET. 
d. asserting 
external 
hardware 
Reset. 


2 
RX OVERRUN 
ERROR 
Signals 
the microprocessor 
that an Overrun 
condition 
has occured. 
This bit is set when 
a byte stored 
in the 
Receive 
Holding 
Register 
is overwritten 
with a new byte from the Receive 
Shift Register 
before 
the 
microprocessor 
has read the Receive 
Holding 
Register. 
This bit is cleared 
by: 
a. clearing 
RX Enable 
in the Control 
Register. 
b. setting 
Reset Errors in the Control 
Register. 


c. asserting 
Internal 
RESET. 


d. asserting 
External 
Hardware 
Reset. 


e. Frame 
Sync 
Detect going active. 


3 
TX BUFFER 
EMPTY 
Signals 
the processor 
that the Transmit 
Character 
Buffer is empty 
and that the COM52C50 
can accept 
a new 
character 
for transmission. 
This bit is set when 
a character 
has been loaded 
from the Transmit 
Holding 
Register 
to the Transmit 
Shift Register. 
This bit is cleared 
by: 
a. writing 
to the Transmit 
Buffer Register 
b. clearing 
TX Enable 
in the Control 
Register 
c. asserting 
internal 
RESET. 


d. asserting 
external 
hardware 
Reset. 


This bit is initially 
set when the transmitter 
logic is enabled 
by setting the TXenable 
bit in the Control 
Register 
(also TX BUFFER 
is empty 
because 
of reset). Data can be overwritten 
if a consecutive 
write is performed 
while 
TX buffer empty 
is zero. 


4 
RX BUFFER 
FULL 
Signals 
the processor 
that a completed 
character 
is present 
in the Receive 
Buffer 
Register 
for transfer 
to the 
processor. 
This bit is set when 
a character 
has been loaded 
from the receive 
deserialization 
logic to the Receive 
Holding 
Register. 
This bit is cleared 
by: 
a. reading 
the Receive 
Holding 
Register 
b. clearing 
RX Enable 
in the Control 
register 
c. Frame 
Sync Detect 
going active 
d. asserting 
internal 
RESET. 


e. asserting 
external 
hardware 
Reset. 


BIT 
DESCRIPTION 


5 
POLL 
COMMAND 
DETECTED 
Signals the microprocessor that the command in the Receive Holding Register is a POLL command. 
(xxx10000) This bit is set when the first frame following Frame Sync has the binary 10000 pattern in the least 
significant 5 bits of the data section. 
This bit is cleared by: 


a. reading the RX Buffer Register when RX Buffer Full is set. 
b. Frame Sync Detect going active. 
c. asserting internal RESET. 
d. asserting external hardware Reset. 


6 
ADDRESS 
MATCH 
Signals the microprocessor that a match has occured between the address field of the first frame following Frame 
Sync and any bit within the Address Select Register.This bit is set after a valid compare has occured between 
the address field of the first frame following frame sync and any bit of the Address Select Register. 
This bit is cleared by: 
a. reading the RX Buffer Register when RX Buffer Full is set. 
b. Frame Sync Detect going active. 
c. asserting internal RESET. 
d. asserting external hardware Reset. 


1 
FRAME 
SYNC 
DETECTED 


Signals the microprocessor that a Frame Sync has been detected on the RX pin of the COM52C50. The Frame 
Sync detect circuitry checks for one "1" bit (10 half bit) followed by a three half bit times of ones followed by a 
three half bit times of zeros (111000).This bit is set when a Valid Frame Sync pattern is detected. 
This bit is cleared by: 


a. reading the Interrupt Status Register. 
b. Line Idle going active. 
c. asserting internal RESET. 
d. asserting external hardware Reset. 


RESETTING OF INTERRUPTS 


The INT1 and INT2 signals feature an automatic 
interrupt 
action is taken by the processor. 
The following 
describes 
acknowledge 
that will take interrupt away when the proper 
how each of the eight interrupting 
conditions 
get cleared. 


When the interrupt is caused by: 
The interrupt is cleared 
by: 


Frame Sync Detect 
Reading the Interrupt Status Register twice 
Line Idle going active 
Internal Reset 
External Reset 


Address 
Match 
Frame Sync Detect 
Reading the RX Buffer Register when the RX Buffer is full 
Internal Reset 
External Reset 


Poll Command 
Detect 
Frame Sync Detect 
Reading the RX Buffer Register when RX Buffer is full 
Internal Reset 
External Reset 


RX Buffer Full 
Clearing the RX Enable bit 
Reading the RX Buffer Register when the RX Buffer is full 
Internal Reset 
External Reset 


TX Buffer Empty 
Writing to the TX Buffer Register 
Clearing the TX ENable bit 
Internal Reset 
External Reset 


RX Errors 
Asserting 
Reset Errots 
Clearing 
RX Enable 
Internal Reset 
External Reset 


Line Idle Detect 
Reading the RX Status Register twice 
Internal Reset 
External Reset 


End of Message 
Reading the RX Status Register twice 


(EOM) Detect 
Internal Reset 
External Reset 


TABLE 6-COM52C50 
RX STATUS REGISTER(BITS 0-7) 


This 
is an 
eight 
bit 
register 
that 
can 
be 
read 
by the 
host 
microprocessor. 
The 
bits 
in 
this 
register 
are 
used 
to 
indicate 
the 
following 
information: 


BIT 
DESCRIPTION 


0 
FIXED 
ZERO 


1-3 
PRESENT 
ADDRESS 
BIT 0-1-2 
These 
three 
bits hold the value 
of the Present 
Address. 
They 
are the same 
as the bits 1, 2, 3, of the Present 
Address 
Register. 


4 
RX BUFFER 
FULL 
Signals 
the processor 
that a completed 
character 
is present 
in the Receive 
Buffer 
Register 
for transfer 
to the 
processor. 
This bit is set when 
a character 
has been loaded from the receive 
deserialization 
logic to the Receive 
Buffer Register. 
This bit is cleared 
by: 
a. reading 
the Receive 
Buffer Register 
d. asserting 
internal 
RESET 


b. clearing 
RX Enable 
in the Control 
register 
e. asserting 
external 
hardware 
RESET 
c. Frame 
Sync 
Detect going active 


5 
LAST 
FRAME/End 
Of Message 
(EOM) 
Signals 
the microprocessor 
that a "1 1 1" pattern 
has been detected 
in the address 
field of an incoming 
frame. 


This bit is propagated 
through 
the RX FIFO logic and it corresponds 
to the data byte immediately 
available 
to the 


processor. 
This bit is set when the 3 bit address 
field of a frame'gets 
a match 
with a constant 
"1 1 1" pattern. 


This bit is cleared 
by: 


a. Frame 
Sync 
Detect going 
active. 
c. asserting 
internal 
RESET. 
b. clearing 
RX Enable 
in the Control 
Register. 
d. asserting 
external 
hardware 
RESET 


6 
LINE 
IDLE 
Signals 
the microprocessor 
that the RX line has not seen a transition 
for the past 3f.Js time interval. 
This can be 
used by the microprocessor 
to learn that the RX line is idle. This bit is set when the RX line remains 
idle for a 3 
microseconds 
duration. 


This bit is cleared 
by: 


a. activity 
on the RX line. 
c. asserting 
Internal 
RESET. 


b. clearing 
RX Enable 
in the Control 
Register 
d. asserting 
External 
Hardware 
Reset. 


7 
RX ERRORS 
Signals 
the microprocessor 
that a Receive 
Error condition 
has occured. 
This bit is set when 
anyone 
or both of 
the Interrupt 
Status 
Register 
bits 0 and 1 are set. 


This bit is cleared 
by: 


a. asserting 
Reset Errors 
in the Control 
Register 
c. asserting 
Internal 
Software 
RESET. 


b. clearing 
RX Enable 
in the Control 
Register. 
d. asserting 
External 
Hardware 
RESET. 


BIT 
DESCRIPTION 


0 
Fixed 
at Zero 


1 
TX BUFFER 
EMPTY 
Signals 
the processor 
that the Transmit 
Buffer Register 
is empty and that the COM52C50 
can accept 
a new 


character 
for transmission. 
This bit is set when 
a character 
has been loaded 
from the Transmit 
Buffer Register 
to 
the Transmit 
Shift Register. 


This bit is cleared 
by: 


a. writing 
to the Transmit 
Buffer Register 
c. asserting 
internal 
software 
RESET. 


b. clearing 
TX Enable 
in the Control 
Register 
d. asserting 
external 
hardware 
RESET. 


This bit is initially 
set when the transmitter 
logic is enabled 
by setting 
the TXenable 
bit in the Control 
Register. 
Data 
can be overwritten 
if a consecutive 
write is performed 
while TX buffer empty 
is "zero". 


2 
TX UNDERRUN 
ERROR 


Signals 
the microprocessor 
that an Underrun 
condition 
has occured. 
This bit is set when, 
during 
a transmission 
process, 
the microprocessor 
writes to the TX Holding 
Register 
after the TX Shift Register 
has already 
shifted 
its 


last bit out. 
This bit is cleared 
by: 
a. clearing 
TX Enable 
in the Control 
Register. 
c. asserting 
Internal 
RESET. 


b. setting 
Reset Errors in the Control 
Register. 
d. asserting 
External 
Hardware 
RESET. 


3-7 
These 
bits are fixed zeros. 


The TX Status 
Register 
is cleared 
following 
software 
or hardware 
reset. 


• 


TABLE 8-COM52C50 
CONTROL 
REGISTER 
(BITS 0-7) 


The Control Register is an eight bit write only register that is 
cleared to "zero" except for the Software Reset bit. Internal 
used 
by the microprocessor 
to control 
the COM52C50. 
Reset does not affect any of the Control Register bits. The 
Following 
External Reset all bits of the Control Register are 
bits of the Control Register are defined as follows: 


BIT 
DESCRIPTION 


0 
SOFTWARE 
RESET 
This bit is used by the microprocessor to reset the COM52C50 via a software command. When this bit is cleared, 
Internal Reset is asserted and the COM52C50 is reset. This bit should be set to "one" during normal operations. 


1 
ENABLE 
RECEIVE 
This bit is used by the microprocessor to enable the Receive Logic in the COM52C50 to function. When this bit is 
cleared, the RX BUFFER FULL bit in the Status Register will be disabled. This bit should be set to "one" during 
normal operations. 


2 
ENABLE 
TRANSMIT 
Data transmission cannot take place via the COM52C50 unless this bit is set to logic "one". When this bit is reset 
(disabled), transmission will be disabled only after the previously written data has been transmitted. (This simply 
disables loading of the TX Buffer Register). 


3 
ENABLE 
RX DMA 
This bit, when set, will enable the RX DMA handshake signal on the COM52C50. When this bit is cleared, the RX 
DMA signal on the COM52C50 is kept low. 


4 
ENABLE 
TX DMA 
This bit, when set, will enable the TX DMA handshake signal on the COM52C50. When this bit is cleared, the TX 
DMA signal is kept low. 


5 
DISABLE 
BIPHASE 
ERRORS 
This bit, when set, will disable the detection of biphase errors in the receive block. This bit is cleared upon power 
up and biphase error detection is enabled. 


6 
NOT USED-MUST 
BE ZERO 


7 
RESET 
ERRORS 
This bit, when set, will clear the Receive Error Status bits in the Interrupt Status Register (Parity, Biphase, 
Overrun). As a result of this, the RX Error bit in the RX Status Register will be cleared. Reset Errors also resets the 
TX Underrun status bit in the TX Status Register. No latch is provided in the Control Register for saving the state 
of this bit; therefore there is no need for clearing it. 


THE COM52C50 
ON CHIP CRYSTAL 
OSCILLATOR 


The COM52C50 
incorporates 
an on chip crystal oscillator. 
A 16 MHZ 
parallel 
resonant 
crystal 
is connected 
to the 


XTAL 1 and the XTAL2 pins of the COM52C50 
along with a 


1.0 MOhm 
resistor 
across 
the 
crystal 
and 
two 
22pf 


capacitors 
from each node of the crystal to ground. 
(see 


figure 
18, CONNECTION 
DIAGRAM 
FOR 
PARALLEL 


RESONANT 
CRYSTAL) 


A TTL clock can also be used to supply the clock signal to 
the COM52C50. 
This is done by supplying a TTL level clock 


to the XTAL 1 pin of the COM52C50 
along with a 390 ohm 


resistor from the XTAL 1 pin to Vcc. The XTAL2 pin should 
not be connected 
when an external clock is supplied. (see 
figure 
19, 
RECOMMENDED 
EXTERNAL 
TTL 
CLOCK 


CONNECTION) 


DMA OPERATION 
The COM52C50 
features two independent 
DMA Request 


signals. 
These 
signals 
are 
provided 
to 
allow 
the 


COM52C50 
to interface to one or two channels 
of a DMA 


controller 
such as that of the 80188 and the 80186. Each of 


the 
RX 
DMA 
and 
TX 
DMA 
request 
signals 
can 
be 


individually 
enabled via software commands 
in the Control 
Register. DMA interface is most useful when moving blocks 
of data following 
an activate 
read 
or an activate 
write 


command. 


RXDMA 
Following an active read command, 
the host microproces- 


sor would 
initialize 
the RX DMA channel 
and enable 
RX 


DMA by writing 
a one in the Control 
Register 
bit 3. The 


COM52C50 
will 
automatically 
generate 
the RX DMA 


Request signal as soon as a received frame is moved from 
the Receiver 
Shift Register 
to the Receiver 
FIFO. At this 


time, the DMA channel 
will initiate a Read Receive 
Buffer 


cycle 
which 
in turn will be used 
as an automatic 
DMA 


Acknowledgment. 
When a new frame arrives and is ready 


to be read by the DMA channel, the COM52C50 
will assert 


the RX DMA Request signal and inform the DMA channel of 
the availability 
of the next word. The Receiver 
FIFO will be 
in use during DMA operations. 
This gives the DMA channel 


a maximum 
of three frame times for DMA latency. On the 


average, 
however, the DMA channel 
must be able to keep 


up with the COM52C50 
byte rate. 


TX DMA 
When transmitting 
blocks of data, the host microprocessor 


would initialize the TX DMA channel 
and enable TX DMA 


by writing 
a one 
in the 
Control 
Register 
bit 4. The 


COM52C50 
will 
automatically 
generate 
the TX DMA 


Request signal when the TX Buffer is empty. When the DMA 
channel 
performs 
a write 
cycle 
to the 
COM52C50 
TX 


Buffer, the TX DMA Request signal will be inactive until the 
TX Buffer becomes 
empty again. After writing the last data 


frame to the TX Buffer, the host microprocessor 
can disable 


the TX 
DMA 
Request 
signal 
by writing 
to the 
Control 


Register. 
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BIT 
DESCRIPTION 


0 
NORMAL/LOOPBACK 
MODE 


This bit when 
set will put the COM52C50 
in loopback 
mode. When 
in loop back mode, 
bit 1 of the Mode 
Register 
specifies 
Internal 
or Externalloopback 
modes. 


0 
NORMAL 
OPERATION 
1 
LOOPBACK 
MODE 


1 
EXTERNAL/INTERNAL 
LOOPBACK 


This bit specifies 
External 
or Internal 
loopback 
Modes. 
When 
bit 0 of the Mode 
Register 
specifies 
normal 
mode of 
operation, 
this bit is a don't care. 


0 
EXTERNAL 
LOOPBACK 
1 
INTERNAL 
LOOPBACK 


2 
EVEN/ODD 
RX PARITY 


This bit specifies 
Even or Odd parity for the receive 
section 
of the COM52C50. 


0 
EVEN RX PARITY 
1 
ODD 
RX PARITY 


3 
EVEN/ODD 
TX PARITY 


This bit specifies 
Even or Odd parity for the transmit 
section 
of the COM52C50. 


0 
EVEN TX PARITY 
1 
ODD TX PARITY 


4 
NORMALITEST 
MODE 


This bit when 
set puts the COM52C50 
in a VLSI test mode. This bit is cleared 
upon Reset and should 
be cleared 
for normal 
operation. 


0 
NORMAL 
OPERATION 
1 
TEST 
MODE 


5 
TX ENABLE 
250ns/16Jls 


This bit controls 
the amount 
of time the Transmit 
Enable 
Signal 
will remain 
active 
after the last TX bit is shifted 
out. 


When 
set to "zero", 
the TX Enable 
signal 
goes inactive 
after 250ns following 
the last TX data bit. When 
set to 


"one", 
the TX Enable 
signal 
goes inactive 
after 16Jls following 
the last TX data bit. This can be used to drive the 


Twinax 
Cable 
after a transmission 
in order to reduce 
line reflection 
effect. 


0 
TX enable 
250ns 
1 
TX enable 
16Jls 


6 
EOM/Auto 
111 


This bit determines 
if Automatic 
111 address 
should 
be inserted 
on a transmitted 
message 
upon transmitter 
underrun. 
When 
this bit is a "zero", 
the microprocessor 
has to write to TX Buffer EOM to force 
a 111 address 
on 
the last frame 
of transmitted 
data. 


0 
EOM 111 
1 
Auto 111 


? 
NORMALITEST 
MODE 


This bit when 
set puts the COM52C50 
in a VLSI test mode. This bit is cleared 
upon Reset and should 
be cleared 
for normal 
operation. 


0 
NORMAL 
OPERATION 
1 
TEST 
MODE 


Following 
RESET, the mode 
register 
will be cleared 
to all "zero's" 
and the default 
Mode Setting 
will be: 


BITO 
- 
0 
NORMAL 
OPERATION 


BIT 1 - 
0 
EXTERNAL 
LOOPBACK 


BIT 2- 
0 
EVEN RX PARITY 


BIT3 
- 
0 
EVEN TX PARITY 


BIT 4- 
0 
NORMAL 
OPERATION 


BIT5 
- 
0 
TX ENABLE 
.250 


BIT6 
- 
0 
EOM 111 


BIT? 
- 
0 
NORMAL 
OPERATION 


I 


Positive Voltage on 'any pin ,~ 
' 
Vcc + O.3V 


Negative Voltage on any pin, with respect to ground 
-O.3V 
Maximum 
Vcc 
••.••.•.••.••..•.••.•..•.••..•.••.••.•...••.•..•.•..•.•....•.....•••.•..••..• 
+7,OV 


'Stresses 
above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operations 
of the device 
at these or any other condition 
above those 
indicated 
in the operational 
sections 
of this 
specifications 
is not implied, 


NOTE: When powering 
this device 
from the laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not be exceeded 
or device 
failure 
can result. Some 
power supplies 
exhibit 
voltage 
spikes 
or 


"glitches" 
on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line 
may appear on the DC output. If this possibility 
exists, it is suggested 
that a clamp circuit be used. 
,........ 


TABLE 11-ELECTRICAL 
CHARACTERISTICS 
(TA = O°C to +70°C, Vcc = +5V ±5%.) P!!~~~~INARY- 


FIG. NO. 
PARAMETER 
SYMBOL 
MIN 
TYP* 
MAX 
~ 
Some Parametric limits mal SpecIficatIon. 


DC CHARACTERISTICS 


"" 
I ~ •• 
- 
are 
Subjec! 
to change. 
J 


LOW INPUT VOLTAGE 
V,L, 
0,8 
V 
Except TLL Input 
Clock 


HIGH INPUT VOLTAGE 
V1H 
1 
2,0 
V 
Except TTL Input 
Clock 
LOW INPUT VOLTAGE 
V,L2 
1.0 
V 
TTL Clock Input 


HIGH INPUT VOLTAGE 
V,H2 
Vcc-0,5V 
V 
TTL Clock Input 


LOW OUTPUT VOLTAGE 
VOL' 
0.4 
V 
10L= 3,5ma 


HIGH OUTPUT VOLTAGE 
VOH, 
2.4 
V 
10H= 200/la 
LOW OUTPUT VOLTAGE 
VOL2 
3,0 
V 
For Clock Output 


HIGH OUTPUT VOLTAGE 
VOH2 
3.0 
V 
For Clock Output 
INPUT LEAKAGE CURRENT 
IL 
±10 
/lA 
INPUT CAPACITANCE 
C,N 
25 
pF 


POWER SUPPLY CURRENT 
Ice 
20 
30 
mA 


FIG. NO. 
PARAMETER 
SYMBOL 
MIN 
TYP* 
MAX 
UNITS 
COMMENTS 


AC CHARACTERISTICS 


WRITE CYCLE 


Fig. 3 
Address Setup Time 
t, 
50 
ns 


Fig,3 
Address Hold Time 
t2 
0 
ns 


Fig, 3 
WR Pulse Width 
b 
150 
ns 


Fig. 3 
Data Setup Time 
t. 
75 
ns 


Fig. 3 
Data Hold Time 
t5 
10 
ns 


READ CYCLE 


Fig, 4 
Address Setup Time 
t. 
50 
ns 


Fig, 4 
Address Hold Time 
h 
0 
ns 


Fig, 4 
RD Pulse Width 
10 
150 
ns 


Fig, 4 
T" 
t. 
0 
80 
ns 


Fig. 4 
T" 
\'0 
0 
80 
ns 


Fig. 5 
READ WRITE INTERVAL 
tlO 
100 
ns 


INTERRUPT 
ACKNOWLEDGE TIMING 


Fig, 6 
Read In!. Status Reg. to 
INT inactive 
t,. 
300 
ns 


DMA ACKNOWLEDGE 
TIMING 


Fig. 7 
Read RX Buffer to 
PXDMA inactive 
t'5 
200 
ns 


Fig. 8 
Write TX Buffer to 
TXDMA inactive 
\,. 
200 
ns 


FIG. NO. 
SYMBOL 
PARAMETER 
SYMBOL 
MIN. 
TYP* 
MAX 
UNITS 
COMMENTS 


TTL CLOCK 
INPUT 
TIMING 


Fig. 9 
Inpul Clock 
fall lime 
120 
10 
ns 


Fig.9 
Inpul Clock 
rise lime 
b 
10 
ns 


Fig.9 
Inpul Clock 
high lime 
122 
20 
ns 
Vcc-l.0V 


Fig. 9 
Input Clock 
low lime 
123 
20 
ns 
@0.6V 


Fig. 9 
Inpul Clock 
period 
124 
62.5 
ns 
@1.5V 


CLOCK 
OUT TIMING 


Fig. 10 
Clock 
Oul fall lime 
125 
10 
ns 
@50pF 
max 


Fig. 10 
Clock 
Oul rise lime 
1,6 
10 
ns 
@50pF 
max 


Fig. 10 
Clock 
Oul high lime 
127 
55 
ns 
@50pFmax 


Fig. 10 
Clock 
Oul low lime 
1,6 
55 
ns 
@50pFmax 


Fig. 10 
Clock 
Oul period 
129 
125 
ns 
@50pfmax 


TX DATA TIMING 


Fig. 11 
WR 10 Ix Buffer 
TX ENABLE 
1,0 
1500 
ns 


Fig.ll 
TX ENABLE 
aclive 
10 
TX DELAY 
131 
250 
ns 


Fig. 11 
DTX 10 TX ENABLE 
inaclive 
132 
250 
ns 


Fig. 11 
TX 10 DTX 
delay 
133 
250 
ns 


Fig. 11 
TX. DTX 
half bit cell 
1,4 
500 
ns 


Fig. 11 
TX. DTX 
full bit cell 
1,5 
1000 
ns 


Fig. 11 
TX, DTX 
rise lime 
10 
ns 


TX. DTX 
fall lime 
10 
ns 


RX DATA TIMING 


RX half bil cell pulse widlh 
500 
ns 
(Jitter Tolerance 
±20%) 


RX bil cell pulse widlh 
1000 
ns 


RESET 
TIMING 


Fig. 12 
Inlernal 
Resel 
pulse width 
140 
1.0 
/15 
Fig. 13 
EXlernal 
Resel 
pulse widlh 
I., 
1.0 
/15 
Inpul Clock 
Frequency 
16 
MH<:: 
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Fig. 3-PROCESSOR 
WRITE COM52C50 
CYCLE 
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CS 
\ 
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I 
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Fig.4-PROCESSOR 
READ COM52C50 
CYCLE 
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Fig. 5-PROCESSOR 
ACCESS 
COM52C50 
REPETITION 
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Fig. 6-INTERRUPT 
ACKNOWLEDGE 
TIMING 
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Fig. 7-RX 
DMA ACKNOWLEDGE TIMING 
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Fig. 12-INTERNAL 
RESETTIMING 
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Fig. 14-COM52C50 
TRANSMIT START TIMING 


92 


___ 
11 
_ 


1 


PARITYVA~ 
1 


POLL COMMAND 
DET 
ID MATCH 
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Fig. 18-CONNECTION 
DIAGRAM 
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Circuit diagrams 
utilizing SMC products 
are included 
as a means of illustrating 
typical applications; 
consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The information 
has been carefully 
checked 
and is 
believed to be entirely reliable. However, no responsibility 
is assumed for inaccuracies. 
Furthermore, 
such information 


does not convey 
to the purchaser 
of the products 
described 
any license 
under the patent rights of SMC or others. 
SMC 


reserves the right to make changes at any time in order to improve design and supply the best product possible. 


Intelligent GPIB Interface Controller 


FEATURES 
o All Functional 
Interface Capability 
Meeting IEEE 


Standard 488-1978 
-SH1 
(Source Handshake) 
-AH1 
(Acceptor 
Handshake) 
- 
T5 or TE5 (Talker or Extended 
Talker) 
-L3 
or LE3 (Listener 
or Extended 
Listener) 
-SR1 
(Service 
Request) 


-RL 
1 (Remote Local) 
-PP1 
or PP2 (Parallel Poll) (Remote or Local 


Configuration) 
-DC1 
(Device Clear) 
-DT1 
(Device Trigger) 
-C1-5 
((Controller) 
(All Functions)) 
o Programmable 
Data Transfer Rate 


016 
MPU Accessible 
Registers-8 
Read/8 Write 
o 2 Address 
Registers 


-Detection 
of MTA, MLA, MSA (My Talk/Listen/ 


Secondary 
Address) 
-2 
Device Addresses 
o EOS Message 
Automatic 
Detection 
o Command 
(IEEE Standard 
488-78) Automatic 
Processing 
and Undefined 
Command 
Read Capability 
o DMA Capability 
o Programmable 
Bus Transceiver 
I/O Specification 


(Works with T.I.IMotorola/lntel) 


b 1 to 8 MHz Clock Range 
o TTL Compatible 


T/Rl 
1 
'--" 
40 
Vrx; 


T/R2 
2 
39 rn1 
CLOCK 
3 
38 NDJ\C 
RESET 
4 
37 I'J"Rrn 
TlR3 
5 
36 r5lN 
OMAREQ 
6 
35 moe 
~ 
7 
34 ITi07 
cs 
8 
33 moe 
lID 
9 D 


32 mns 
Wf'j 
10 
31 r5RY4 


INT 11 [ 
30 l5Rr3 


DO 12 [ 
29 l5lO2 
01 
13 [ 
28 Dm1 
02 
14 [ 
27 mm 


03 
15 [ 
26 Am 
04 
16 [ 
25 Am 
05 
17 [ 
24 
il"C 


06 
18 [ 
23 
RS2 


07 
19 [ 
22 
RS1 
GNO 20 [ 
21 
RSO 


PACKAGE: 
4O-pin 
O.I.P. 


o COPLAMOS®n-Channel 
Silicon Gate Technology 
o + 5V Single Power Supply 
o 40-Pin DIP 
o 8080/85/86 
Compatible 


The COM7210 
TLC is an intelligent 
GPIB Interface 
Con- 


troller designed 
to meet all of the functional 
requirements 


for Talkers, Listeners, 
and Controllers 
as specified 
by the 
IEEE Standard 488-1978. 
Connected 
between a processor 


bus and the GPIB, the TLC provides 
high level manage- 


ment of the GPIB to unburden the processor 
and to simplify 


both hardware 
and software 
design. 
Fully compatible 
with 


most processor architectures, 
Bus Driver/Receivers 
are the 


only additional components 
required to implement 
any type 


of GPIB int~rface. 


I 


PIN 
SYMBOL 
I/O 
DESCRIPTION 


1 
T/R1 
0 
TransmiVReceive 
Control-lnpuVOutput 
Control 
Signal 
for the GPIB 
Bus Transceivers. 


2 
T/R2 
0 
Transmit/Receive 
Control-The 
functions 
of T/R2, 
T/R3 
are determined 


by the values 
of TRM1, 
TRMO of the address 
mode 
register. 


3 
ClK 
I 
Clock-(l-8 
MHz) 
Reference 
Clock 
for generating 
the state 
change 


prohibit 
times 
T1, T6, T7, T9 specified 
in IEEE Standard 
488-1978. 


4 
RST 
I 
Reset-Resets 
7210 to an idle state when 
high (active 
high). 


5 
T/R3 
0 
Transmit/Receive 
Control-Function 
determined 
by TRM1 
and TRMO of 


address 
mode 
register 
(See T/R2). 


6 
DMAREQ 
0 
DMA Request-7210 
requests 
data transfer 
to the computer 
system, 


becomes 
low on input of DMA acknowledge 
signal 
DACK. 


7 
DMAACK 
I 
DMA Acknowledge-(Active 
low) 
Signal 
connects 
the computer 
system 


data bus to the data register 
of the 7210. 


8 
CS 
I 
Chip Select-(Active 
low) 
Enables 
access 
to the register 
selected 
by 


RSO-2 (read or write 
operation). 


9 
RD 
I 
Read-(Active 
low) 
Places 
contents 
of read register 
specified 
by 


RSO-2-on 
DO-7 (Computer 
Bus). 


10 
WR 
I 
Write-(Active 
low) 
writes 
data on DO-7 into the write 
register 
specified 


by RSO-2. 


11 


~ 


0 
Interrupt 
Request-(Active 
High/low) 
Becomes 
active 
due to any 1 of 13 


INT 
internal 
interrupt 
factors 
(unmasked) 
active 
state software 
configurable, 


active 
high on chip reset. 


12-19 
DO-7 
I/O 
Data Bus-8-bit 
bidirectional 
data bus, for interface 
to computer 
system. 


20 
GND 
Ground. 


21-23 
RSO-2 
I 
Register 
S'3lect- 
These 
lines select 
one of eight 
read (write) 
registers 


during 
a read (write) 
operation. 


24 
IFC 
I/O 
Interface 
Clear-Control 
line used for clearing 
the interface 
functions. 


25 
REN 
I/O 
Remote 
Enable-Control 
line used to select 
remote 
or local control 
of 


the devices. 


26 
ATN 
I/O 
Attention-Control 
line which 
indicates 
whether 
data on DIO lines is an 
interface 
message 
or device 
dependent 
message. 


27 
SRQ 
I/O 
Service 
Request-Control 
line used to request 
the controller 
for service. 


28-35 
D101-8 
I/O 
Data InpuVOutput-8-bit 
bidirectional 
bus for transfer 
of message 
on 
the GPIB. 


36 
DAV 
I/O 
Data Valid-Handshake 
line indicatinQ 
that data on DIO lines is valid. 


37 
NRFD 
I/O 
Ready for Data-Handshake 
line indicating 
that device 
is ready 
for data. 


38 
NDAC 
I/O 
Data Accepted-Handshake 
line indicating 
completion 
of message 


reception. 


39 
EOI 
I/O 
End or Identify-Control 
line used to indicate 
the end of multiple 
byte 
transfer 
sequence 
or to execute 
a parallel 
polling 
in conjunction 
with ATN. 


40 
Vcc 
+5V 
DC 


FUNCTIONAL 
DESCRIPTION 


Introduction 


The 
IEEE 
Standard 
488 
describes 
a "Standard 
Digital 


Interface 
for Programmable 
Instrumentation" 
which, 
since 


its introduction 
in 1975, 
has become 
the most 
popular 
means 


of 
interconnecting 
instruments 
and 
controllers 
in labora- 


tory, automatic 
test 
and 
even 
industrial 
applications. 
Refined 


over 
several 
years, 
the 488-1978 
Standard, 
also 
known 
as 


the 
General 
Purpose 
Interface 
Bus 
(GPIB), 
is a highly 


sophisticated 
standard 
providing 
a high 
degree 
of flexibility 


to meet 
virtually 
most 
all instrumentation 
requirements. 
The 


COM7210 
TLC 
implements 
all 
of 
the 
functions 
that 
are 


required 
to 
interface 
to the 
GPIB. 
While 
it is beyond 
the 


scope 
of this 
document 
to provide 
a complete 
explanation 


of the 
IEEE 
488 
Standard, 
a basic 
description 
follows: 


The 
GPIB 
interconnects 
up to 15 devices 
over 
a common 


set of data 
control 
lines. 
Three 
types 
of devices 
are defined 


by 
the 
standard: 
Talkers, 
Listeners, 
and 
Controllers, 
although 
some 
devices 
may 
combine 
functions 
such 
as 
Talker/Listener 
or Talker/Controller. 


Data 
on the 
GPIB 
is transferred 
in a bit parallel, 
byte 
serial 


fashion 
over 
8 Data 
I/O lines 
(D101-D108). 
A 3 wire 
hand- 


shake 
is used 
to ensure 
synchronization 
of transmission 
and 


reception. 
In order 
to permit 
more 
than 
one 
device 
to receive 


data 
at the 
same 
time, 
these 
control 
lines 
are 
"Open 
Col- 


lector" 
so that 
the 
slowest 
device 
controls 
the 
data 
rate. 
A 


number 
of other 
control 
lines 
perform 
a variety 
of functions 


such 
as device 
addressing, 
interrupt 
generation, 
etc. 


The 
COM7210 
TLC 
implements 
all functional 
aspects 
of 


Talker, 
Listener 
and 
Controller 
functions 
as defined 
by the 


488-1978 
Standard, 
and 
on a single 
chip. 


The 
COM 
721 0 TLC 
is an intelligent 
controller 
designed 
to 


provide 
high 
level protocol 
management 
of the GPIB, 
freeing 


the 
host 
processor 
for 
other 
tasks. 
Control 
of the 
TLC 
is 


accomplished 
via 
16 internal 
registers. 
Data 
may 
be trans- 
ferred 
either 
under 
program 
control 
or via 
DMA 
using 
the 


TLC's 
DMA 
control 
facilities 
to 
further 
reduce 
processor 


I 


overhead. The processor 
interface of the TLC is general in 


nature and may be readily 
interfaced 
to most processor 


lines. 
In addition to providing all control and data lines necessary 
for a complete 
GPIB 
implementation, 
the TLC also pro- 
vides a unique set of bus transceiver 
controls permitting the 


use of a variety of different 
transceiver 
configurations 
for 


maximum 
flexibility. 


Internal Registers 
The TLC has 16 registers, 8 of which are read and 8 write. 


REGISTER 
NAME 
ADDRESSING 
SPECIFICATION 
R R R W R C 
S 
S 
S 
R D S 


2 
1 
0 


Data In (OR) 
0 
o 
0 
1 
0 
0 I 
D17 
D16 
I 
D15 
I 
D14 
I 
D13 
I 
D12 
Dll 
I 
Dl0 
I 


Interrupt Status 1 (1R) 
0 
0 
1 
1 
0 
0 I 
CPT 
APT 
I 
DET 
END I 
DEC I 
ERR 
DO 
I 
Dl 
I 


Interrupt Status 2 (2R) 
0 
1 
0 
1 
0 
0 I 
INT 
SRQl 
LOK 
REM 
CO 
I LOKC 
REMC I ADSC I 


Serial Poll Status (3R) 
0 
1 
1 
1 
0 
0 I 
S8 
PEND 
S6 
S5 
S4 
I 
S3 
S2 
I 
Sl 
I 


Address Status (4R) 
1 
0 
0 
1 
0 
0 
I 
CIC 
ATN 
SPMS 
LPAS 
TPAS 
LA 
TA 
I MJMN I 


Command Pass Through (5R) 
1 
0 
1 
1 
0 
0 I CPT7 
CPT6 
CPT5 
CPT4 
CPT3 
CPT2 
CPTl 
I CPTO I 


Address 0 (6R) 
1 
1 
0 
1 
0 
0 I 
X 
DTO 
DLO I AD5-0 
AD4-0 
AD3-0 
AD2-0 I AD1-0 


Address 1 (7R) 
1 
1 
1 
1 
0 
0 I 
EOl 
DTl 
DL1 
AD5-1 
AD4-1 
AD3-1 
AD2-1 
ADH 


8yte Out (OW) 
0 
0 
0 
0 
1 
0 
807 
806 
805 
804 
I 
803 
802 
801 
800 


Interrupt Mask 1 (1W) 
0 
0 
1 
0 
1 
0 
CPT 
I 
APT 
DET 
END 
DEC 
ERR 
DO 
DI 


Interrupt Mask 2 (2W) 
0 
1 
0 
0 
1 
0 
0 
SRQI 
DMAO 
DMAI 
CO 
I LOKC I REMC 
ADSC 


Serial Poll Mode (3W) 
0 
1 
1 
0 
1 
0 
S8 
rsv 
S6 
S5 
S4 
S3 
S2 
I 
Sl 


Address Mode (4W) 
1 
0 
0 
0 
1 
0 I 
ton 
Ion 
TRMl 
TRMO 
0 
0 
ADMl I ADMO 


Auxiliary Mode (5W) 
1 
0 
1 
0 
1 
0 I CNT2 
CNT1 
CNTO 
COM4 
COM3 
COM2 
COMl I COMO 


Address 011 (6W) 
1 
1 
0 
0 
1 
0 
I 
ARS 
DT 
DL 
ADS 
AD4 
AD3 
AD2 
I 
ADl 


End of String (7W) 
1 
1 
1 
0 
1 
0 
I 
EC7 
EC6 
EC5 
EC4 
EC3 
EC2 
ECl 
I 
ECO 


Data Registers 
The data registers 
are used for data and command 
trans- 


fers between the GPIB and the microcomputer 
system. 


Holds data sent from the GPIB to the computer 


BYTE OUT (OW) 
I 
807 
I 
806 
I 
805 


Interrupt Registers 
The interrupt registers are composed of interrupt status bits, 
interrupt mask bits, and some other noninterrupt related bits. 


INTERRUPT 
I 
STATUS 1 (lR). 
CPT 
APT 
DET 
END 
DEC 
ERR 
DO 
DI 


INTERRUPT 
I REMC I ADSC I 
STATUS2 (2R) 
INT 
SRQI 
LOK 
REM 
CO 
LOKC 


WRITE 


INTERRUPT 
MASK 1 (lW) 
CPT 
APT 
DET 
END 
DEC 
ERR 
DO 
DI 


INTERRUPT 
I DMAO I 
I REMC I ADSC I 
MASK2(2W) 
0 
SRQI 
DMAI 
CO 
LOKC 


98 


INT 
OR of All Unmasked Interrupt Status Bits 


CPT 
Command Pass Through 


APT 
Address Pass Throuqh 
DET 
Device Triqqer 
END 
End (END or EOS Message Received) 
DEC 
Device Clear 
ERR 
Error 
DO 
Data Out 


01 
Data In 


SRQI 
Service Request Input 
LOKC 
Lockout Change 
REMC 
Remote Change 


ADSC 
Address Status Change 


CO 
Command Output 


There 
are thirteen 
factors 
which 
can generate 
an inter- 
rupt from the GOM 721 0, each with their own status bit and 
mask bit. 


The interrupt status bits are always set to one if the interrupt 
condition is met. The interrupt mask bits decide whether the 
INT bit and the interrupt pin will be active for that condition. 


I 


LOK 
Lockout 
REM 
Remote/Local 


DMAO 
Enable/Disable DMA Out 
DMAI 
Enable/Disable DMA In 


Serial Poll Registers 


READ 


SERIAL POLL 


I PEND I 
STATUS (3R) 
S8 
S6 
S5 
84 
S3 
S1 
80 


WRITE 


SERIAL POLL 
MODE (3W) 
S8 
rsv 
86 
S5 
S4 
83 
S2 
S1 


The Serial Poll Mode register holds the STB (status byte: 
S8, S6-S1) sent over the GPIB and the local message 
rsv 


(request service). The Serial Poll Mode register may be read 
through the Serial Poll Status register. The PEND is set by 
rsv = 1, and cleared by NPRS· rsv = 1 (NPRS = Negative 
Poll Response 
State). 


Address Mode/Status 
Registers 


ADDRESS STATUS (4R) 
CIC 
ATN 
I SPMS I LPAS 
TPAS 
LA 
TA 
I MJMN I 


ADDRESS MODE (4W) 
ton 
Ion 
I TRM1 I TRMO I 
0 
0 
I ADM1 I ADMO J 


The Address 
Mode register 
selects the address 
mode of 


the device and also sets the mode for T/R3 and T/R2 the 
transceiver 
control lines. 


The functions 
of T/R2, T/R3 terminals 
(2 and 5) are deter- 


mined as below by the TRM1, TRMO values of the address 
mode register. 


T/R2 
T/R3 
TRM1 
TRMO 
EOIOE 
TRIG 
0 
0 


CIC 
TRIG 
0 
1 


CIC 
EOIOE 
1 
0 


CIC 
PE 
1 
1 


EOIOE = TAGS + SPAS + GIG· GSBS 


This denotes the input/output 
of EOI terminal. 


When "1": Output 
When "0": Input 


GIG = GIDS + GADS 
This denotes 
if the controller 
interface function 
is active or 
not. 


When "1": ATN = output, SRQ = input 
When "0": ATN = input, SRQ = output 


PE = GIG + PPAS 
This indicates 
the type of bus driver connected 
to 0108 to 


0101 and DAV lines. 


When "1": 3 state type 
When "0": Open collector type 


TRIG: When DTAS state is initiated or when a trigger aux- 
iliary command 
is issued, a high pulse is generated. 


Upon RESET, TRMO and TRM1 
become 
"0" 
(TRMO = 


TRM1 
= 0) and local message 
port is provided, 
so that T/ 


R2 and T/R3 both become "LOW." 


CONTENTS OF 
CONTENTS OF 
ADDRESS 
ADDRESS (0) 
ADDRESS (1) 


ton 
Ion 
ADM1 
ADMO 
MODE 
REGISTER 
REGISTER 


1 
0 
0 
0 
Talk only 
Address Identification Not Necessary 
mode 
(No controller on the GPIB) 


0 
1 
0 
0 
Listen only 
Not Used 
mode 


0 
0 
0 
1 
Address mode 1 
Major talk address or 
Minor talk address or 


@ 
Major listen address 
Minor listen address 


0 
0 
1 
0 
Address mode 2 
Primary address 
Secondary address 


@ 
(talk or listen) 
(talk or listen) 


0 
0 
1 
1 
Address mode 3 
Primary address (major 
Primary address (minor 
§i 
talk or major listen) 
talk or minor listen) 


Combinations other than above inOicatedProhibited, 


Notes: @ -Either 
MTA or MLA reception is indicated by coinci· 
dence of either address with the received address, 
Interface function T or L 


Address Status Bits 


ATN 
Data Transfer Cycle (device in CSBS) 


LPAS 
Listener Primary Addressed 
State 


TPAS 
Talker Primary Addressed 
State 


CIC 
Controller 
Active 


LA 
Listener Addressed 


@ -Address 
register 0 = primary, Address register 1 = 


secondary, interface function TE or LE, 
@ -CPU 
must read secondary address via Command 


PassThrough Register interface function (TE or LE), 


TA 
MJMN 


SPMS 


Talker Addressed 
Sets minor T/L address Reset = Major T/L 
address 
Serial Poll Mode State 


Address Registers 


ADDRESS 0 (6R) 
X 
DTO 
DLO 
I AD5-0 I AD4-0 I AD3-0 I AD2-0 I AD1-0 I 


ADDRESS 1 (7R) 
EOI 
DT1 
DL1 
I AD5-1 I AD4-1 I AD3-1 I AD2-1 I AD1-1 


ADDRESS 0/1 (6W) 
ARS 
DT 
DL 
I 
AD5 
I 
AD4 
I 
AD3 
I 
AD2 
I 
AD1 


The TLC 
is able 
to automatically 
detect 
two types 
of 


addresses 
which are held in address registers 0 and 1, The 


addressing 
modes are outlined below, 


Address 0/1 Register Bit Selections 
ARS 
-Selects 
which address register, 0 or 1 


DT 
-Permits 
or Prohibits 
address 
to be detected 
as Talk 


DL 
-Permits 
or Prohibits 
address 
to be detected 


as Listen 


Address settings 
are made by writing into the address 0/1 


register, The function of each bit is described 
below, 


AD5-AD1 
-Device 
address value 
EOI 
,-Holds 
ttie value 
of EOI line when 
data 
is 


received 


Command 
Pass Through Register 


COMMAND PASS 
THROUGH (5R) 
I CPT7 I CPT6 I CPT5 I CPT4 I CPT3 I CPT2 I 
CP1 
I CPTO I 


The CPT register is used such that the CPU may read the 
address, or parallel pOll response, 


DIO lines in the cases of undefined 
command, 
secondary 


End of String Register 


ENDOF 
STRING (7W) 
I 
EC7 


This register 
holds either a 7- or B·bit EOS message 
byte 
Aux Mode Register A controls the specific use of this register, 
used in the GPIB system to detect the end of a data block, 


Auxiliary Mode Register 


AUXILIARY 
MODE (5W) 
I CNT2 I CNT1 
CNTO I COM4 I COM3 I COM2 I COM1 I COMO I 


100 


This is a multipurpose 
register. A write to this register gen- 


erates one of the following 
operations 
according to the val- 


ues of the CNT bits. 


CNT 
COM 


2 1 
0 
4 
3 2 1 
0 
OPERATION 


0 0 0 
C, C, C, C, Co 
Issues an auxiliary 
command 
specified 
bv C, to Co' 


The reference 
clock frequency 
is 


0 0 
1 o 
F, F, F, Fo 
specified 
and T" T" T" T, are 
determined 
as a result. 


0 
1 1 
U 
S 
P, P, P, 
Makes write operation 
to the parallel 
poll reqister. 


1 0 0 
A, A, A, A, A, 
Makes write operation 
to the aux. 
(A) register. 


1 0 1 
B, B, B, B, Bo 
Makes write operation 
to the aux. 
(B) reqister. 


1 1 
0 
0 
0 o 
E, Eo 
Makes write operation 
to the aux. 
(E) reqister. 


Auxiliary Commands 
o 0 0 C4 C3 C2 C, Co 
COM 
43210 
00000 
iepon 
- 
Immediate 
Execute pon- 
Generate 
local pon 
Message 


00010 
crst 
- 
Chip Reset-Same 
as 
External Reset 
00011 
rrfd 
- 
Release RFD 
00100 
trig 
- 
Trigger 
00101 
rtl 
- 
Return to Local Message 
Generation 
00110 
seoi 
- 
Send EOI Message 
00111 
nvid 
- 
Non Valid (OSA reception)- 
Release DAC Holdoff 


01111 
vid 
- 
Valid (MSA reception, 
CPT, 
DEC, DET)-Release 
DAC 
Holdoff 
OX001 
sppf 
- 
Set/Reset 
Parallel Poll Flag 
10000 
gts 
- 
Go To Standby 


10001 
tca 
- 
Take Control 
Asynchronously 


10010 
tcs 
- 
Take Control Synchronously 


11010 
tcse 
- 
Take Control Synchronously 
on End 


10011 
Itn 
- 
Listen 


11011 
Itnc 
- 
Listen with Continuous 
Mode 


11100 
lun 
- 
Local Unlisten 


11101 
epp 
- 
Execute Parallel Poll 


1X110 
sifc 
- 
Set/Reset 
IFC 


1X111 
sren 
- 
Set/Reset 
REN 


10100 
dsc 
- 
Disable System Control 


Internal Counter 
0 0 1 0 F3 F2 F, Fo 
The internal 
counter 
generates 
the state change 
prohibit 


times (T" T6, T7, T9) specified in the IEEE std 488-1978 with 
reference to the clock frequency. 


Auxiliary A Register 
1 0 0 A4 A3 A2 A, Ao 
Of the 5 bits that may be specified as part of its access word, 
2 bits control the GPIB data receiving 
modes of the 7210 


and 3 bits control how the EOS message 
is used. 


A, 
A. 
DATA RECEIVING 
MODE 


0 
0 
Normal 
Handshake 
Mode 


0 
1 
RFD Holdoff 
on all Data Modes 


1 
0 
RFD Holdoff 
on End Mode 


1 
1 
Continuous 
Mode 


BIT 
NAME 
FUNCTION 
0 
Prohibit 
Permits 
(prohibits) 
the setting 
of 


A, 
1 
Permit 
the END bit by reception 
of the 


EOS messaqe. 


Permits 
(prohibits) 
automatic 


0 
Prohibit 
transmission 
of END message 


A, 
1 
Permit 
simultaneously 
with the 


transmission 
of EOS message 


TACS. 


A, 
0 
? bit EOS 
Makes the 8 bits/? bits of EOS 


1 
8 bit EOS 
register 
the valid EOS message. 


Auxiliary B Register 
1 0 1 84 83 82 8, 80 I 
The Auxiliary 
B Register is much like the A Register in that 


it controls the special operating 
features of the device. 


BIT 
NAME 
FUNCTION 


Permits 
(prohibits) 
the detection 


of undefined 
command. 
In other 


Bo 
1 
Permit 
words, 
it permits 
~rohibitS) 


0 
Prohibit 
the setting 
of the 
PT bit on 


reception 
of an undefined 


command. 


Permit 
Permits 
(prohibits) 
the 


B, 
1 
transmission 
of the END 
0 
Prohibit 
message 
when 
in serial poll 


active state (SPAS). 


1 
T, 
T, (high speed) 
as T, of 


B, 
(hiqh-speed) 
handshake 
after transmission 
of 


0 
T, 
2nd byte following 
data 
(low-speed) 
transmission. 


B, 
1 
INT 
~cifies 
the active level of 


0 
INT 
INTpin. 


SRQS 
indicates 
the value of ist 
ist = SRQS 
level local message 
(the value of 


1 
the 8ar~lel 
poll fl~g is ignored). 


B, 
SR 
S - 
1...ISt 
- 
1. 


SRQS 
= O ... ist = O. 


The value of the parallel 
poll flag 


0 
ist = Parallel 
is taken as the ist local message. 


Poll Flaa 


Auxiliary E Register 
1 1 0 0 0 0 E, Eo 


This register controls 
the Data Acceptance 
Modes of the 


TLC. 


BIT 
FUNCTION 


Eo 


1 
Enable 
DAC Holdoff 
by initiation 
of DCAS 


0 
Disable 


E, 


1 
Enable 
DAC Holdoff 
by initiation 
of DTAS 


0 
Disable 


Parallel Poll Register 
The Parallel Poll Register defines the parallel poll response 
of the COM 721O. 


I sip, 
I P, I P, I 


I 
'-GEeIFYING 
STATUSBIT 


OUTPUT 
LINE (0101TO 0108) 


SPECIFYING 
STATUS 
BIT 


POLARITY 


S = 1: IN PHASE 
S = 0: REVERSE 
PHASE 


{ 
U = 1: NO RESPONSE 
TO PARALLEL 
POLL 
U = 0: RESPONSE 
TO PARALLEL 
POLL 


rD~ 


Xl 
X2 


A18-8 


A 


AD7-8 \r 


IO/M 


RD 
8085 
WR 


ALE 


RESET OUT 
~ 
0 
CLK 
I\) 


RST 7.5 


rrECODER14 


~ 
!J ~I~I~~ hl\ 
~ 
~ ~I~I~~ 
6'" 6 
CIlmOn 
....;:1 
m 
CIl 
RST6.5 
-INT 
-i 
'" 
do 
~ 
COM7210 
TIMER 
OUT 


RST 5.5 
_ 
DMAREQ 
DMAACKf---"H" 


T/R3_1 


BUS TRANSCEIVERS 
I 


j 
n 
;: m 
m 
:D 
Z 


MINIMUM 
8085 SYSTEM 
WITH 
COM 721 0 


IL 
::.. 


l- 
I- 
l- 
I- 
l- 
I- 
~.7' 
r 
t 
~ 
l> ° :D1ol l> 
~ 
~ 
~ 
° 
0 
...• 
~Io:;: :;;~ '" 
do 
do 
-i 
CE __ 
' 
'H" 
8355 
IOR--' 
'H" 


r 
PA7'()~ 


7- 


SWITCHES I 
DISPLAY 


GPIB 


olOB 
0107 
0106 
0105 


mna 
DATA A 
BUS A 
~ 
DATA B 
BUS B 
~ 
oATAC 
BUS C 
01 
5 
DATA 0 
BUS 0 


S/RA_o 
PEA-o 


0104 
DATA A 
BUS A 
Dfo3 
DATA B 
BUS B 
0102 
oATAC 
BUSC 


0101 
DATA 0 
BUS 0 
S/RA_o 
PEA-o 


T/Rl 
•..•.. 
•..•.. 


V 


"" 


T/R3 
(EOIOE) 
SIR A 
"Em 
DATA A 
BUS A 
S/RB 
l5Ai7 
DATA B 
BUS B 
- 
S/RC 
-mml 
DATA C 
BUS C 
'--- 
S/Ro 
NoAC 
DATA 0 
BUS 0 


PEA-o 


T/R2 
(CIC) 
T-{>- 
S/RA 
mn 
DATA A 
BUS A 
l--- 
S/RB 
Am" 
DATA B 
BUS B 
- 
S/RC 
1ITN 
DATA C 
BUS C 
•...• S/Ro 
ii'C 
DATA 0 
BUS 0 
PEA-o 


TT 


I 


DAY 


NRFo 


•.H·..·L.. 
"L" 


Note: In this example. high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set 6, = 0)_ 


0108 
08 
88 
tm57 
07 
B7 
l5i06 
06 
B6 
i5iOs 
05 
B5 
5IT54 
04 
SN75160 
B4 


0103 
03 
83 


0102 
02 
B2 
5io, 
01 
B1 


T/R3 
(PEl 
PE 
TE 


COM7210 
T/R1 
GPIB 


TE 
T/R2 
(CIC) 
DC 


SRD 
SRD 


ATN 
ATN 


E 
I 
EOI 
SN75161 
5AV 
DAY 
NRFo 
NRFo 
NoAC 
NoAC 


IF 
IFC 


REN 
REN 


MINIMUM 
8085 SYSTEM 
WITH COM7210 
(CONT.) 


ELECTRICAL 
CHARACTERISTICS 


MAXIMUM 
GUARANTEED 
RATINGS 
(T. = 25°C) 


PARAMETER 
SYMBOL 
RATINGS 
UNIT 


Supply 
Voltage 
Vee 
-0.5 
- 
+ 7.0 
V 


Input Voltage 
V, 
-0.5 
- 
+ 7.0 
V 


Output 
Voltage 
Va 
-0.5 
- 
+7.0 
V 


Operating 
Temperature 
To, 
0-+70 
°C 


Storage 
Temperature 
T" 
-65 
- 
+125 
°C 


LIMITS 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
TEST 
CONDITIONS 


Input Low Voltage 
VIL 
-0.5 
+0.8 
V 


Input High Voltage 
V'H 
+2.0 
Vee + 0.5 
V 


Low Level 


Output 
Voltage 
VOL 
+0.45 
V 
10L= 2 mA 
(4 mA: T/R1 Pin) 


High Level 
Output 
Voltage 
VOH1 
+2.4 
V 
10H= - 400 flA 
(Except 
INT) 


High Level 
+2.4 
10H= - 400 flA 


Output 
Voltage 
VOH2 
V 


(INTPin) 
+3.5 
10H= -50 
flA 


Input Leakage 
Current 
I'L 
-10 
+10 
flA 
V'N = OV - 
Vee 


Output 
Leakage 


Current 
10L 
-10 
+10 
flA 
VoUT= 0.45V 
- 
Vee 


Supply 
Current 
Ice 
+180 
mA 


LIMITS 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
TEST 
CONDITIONS 


Input Capacitance 
C'N 
10 
pF 
f = 1 MHz 


Output 
Capacitance 
COUT 
15 
pF 
All Pins Except 
Pin Under Test Tied to 


I/O Capacitance 
C,o 
20 
pF 
AC Ground 


\l 


tAKD 


t=~-K-R-Q-=i--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-~ 


LIMITS 
UNIT 
PARAMETER 
SYMBOL 
MIN 
MAX 
CONDITIONS 


EOI L~DIO 
tEODI 
250 
ns 
PPSS ~ PPAS, ATN = True 


EOI) 
~T/R1 
T 
tEOTl1 
155 
ns 
PPSS 
~ PPAS, ATN = True 


EOI' 
~ T/RI) 
teoT12 
200 
ns 
PPAS ~ PPSS. 
ATN = False 


ATN. 
~ NDAC) 
tATNO 
155 
ns 
AIDS 
~ ANRS, 
LIDS 


ATN) 
~ T/R1) 
tATTl 
155 
ns 
TACS + SPAS ~ TAOS, CIDS 


ATN) 
~ T/R2) 
tATT2 
200 
ns 
TACS + SPAS ~ TAOS. CIDS 


DAV ) ~ DMAREQ 
tOVRO 
600 
ns 
ACRS 
~ ACDS, 
LACS 


DAV) 
~ NFRD) 
tOVNRl 
350 
ns 
ACRS~ACDS 


DAV) 
~ NDACT 
tOVNOl 
650 
ns 
ACRS 
~ ACDS 
~ AWNS 


DAV T~ NDAC) 
tOVND2 
350 
ns 
AWNS~ANRS 


DAVi 
~ DRFD 
T 
tOVNA2 
350 
ns 
AWNS 
~ ANRS 
~ ACRS 


RD)~ 
NRFD 
T 
tRNR 
500 
ns 
ANRS~ACRS 
LACS, 
01 reg. selected 


NDAC 
• ~ DMAREQ 
i 
tNDRQ 
400 
ns 
STRS 
~ SWNS 
~ SGNS, 


TACS 


NDACi 
~ DAVi 
tNDDV 
350 
ns 
STRS 
~ SWNS 
~ SGNS 


WR r ~DIO 
tWDI 
250 
ns 
SGNS 
~ SDYS, 60 
reg. selected 


NRFD 
i ~ DAV) 
tNRDV 
350 
ns 
SDYS ~ STRS, 
T, = True 


SGNS 
~ SDYS ~ STRS 


WR '~DAV) 
tWDII 
830 
ns 
60 reg. selected, 
RFD = True 


+ tSYNC 
NF = fc = 8MHz, 
T, (High Speed) 


TRIG 
hRlo 
50 
Pulse Width 
ns 


Address 
Setup to RD 
tAA 


85 
ns 
RSO - 
RS2 


0 
ns 
CS 


Address 
Hold from RD 
tAA 
0 
ns 
RD Pulse Width 
tAA 
170 
ns 


Data Delay from Address 
tAD 
250 
ns 
Data Delay from RD ) 
tAD 
150 
ns 


Output 
Float Delay from RD i 
tOF 
0 
80 
ns 


RD Recovery 
Time 
tAV 
250 
ns 


Address 
Setup to WR 
tAW 
0 
ns 


Address 
Hold from WR 
tWA 
0 
ns 


WR Pulse Width 
tww 
170 
ns 
Data Setup to WR 
tow 
150 
ns 
Data Hold from WR 
two 
0 
ns 


WR Recovery 
Time 
tAv 
250 
ns 


DMAREQ) 
Delay from DMAACK 
tAKRQ 
130 
ns 


Data Delay from DMAACK 
tAKD 
200 
ns 


=t'AW=1{_: "W~f=-"A~v==.1'- 
==========E'Dw=:j~D~======== 


• 


STANDARD MICROSYSTEMS 
CORPORATION" 


Circuit diagrams utilizing 
SMC products are included as a means of illustrating 
typical semiconductor 
applica- 


tions; 
consequently 
complete 
information 
sufficient 
for construct!on 
purposes 
is not necessarily 
given. The 


information 
has been carefully checked and is believed to be entirely 
reliable. However, no responsibility 
is 
assumed for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product 
possible. 


STANDARD MICROSYSTEMS 
CORPORATION), 
U 
COM78C802 
PRELIMINARY 


Two-channel Universal 
Asynchronous Receiver/Transmitter 
Dual UART 
I 


FEATURES 
o Two independent 
full duplex serial data lines 


o Programmable 
baud rates individually 
selectable 
for 


each line's transmitter/receiver 
(50 to 19,200 baud) 


o Summary 
registers that allow a single read to detect a 


data set change or to determine 
the cause of an inter- 


rupt on any line 


DCD, 
1 
'-./ 


40 
DSR, 


RXD, 
2 
39 
TXD, 


N/C 
3 
38 
N/C 


Dl, 
4 
37 
N/C 


Dl6 
5 
36 
vss, 


Dls 
6 
35 
ClK 
Dl. 
7 
34 
MRST 
RDY 
8 
33 
ADD, 


RST 


90 


32 
ADD, 


VSS. 
10 
31 
ADD, 
cs 
11 
30 
ADD~ 
WR 
12 
29 
IRQ 


ITS 1 
13 
28 
IROTXRX 


D13 
14 
27 
N/C 


D12 
15 
26 
IRQlN. 


Dl, 
16 
25 
VDD 


DI.o 
17 
24 
VSS, 


N/C 
18 
23 
N/C 


TXD~ 
19 
22 
RXD. 


DSR. 
20 
21 
DCD. 


o Device scanner mechanism 
that reports interrupt 


request due transmitter/receiver 
interrupts 


o Independently 
programmable 
lines for interrupt-driven 


operation 


o Modem status change detection 
for Data Set Ready 


(DSR) and Data Carrier Detect (DCD) signals 


o Single 5V Power Supply 
o TTL Compatible 
o Compatible 
with SMC COM78C808 
OCTAL UART 


and COM78C804 
QUART 


vss, 
TXD, 
DSR, 
DCD, 
RXD, 


N/C 


NIC 


N/C 


N/C 
Dl, 
Dl6 


VDD 
vss, 


N/C 


N/C 


N/C 


N/C 
RXD• 
.DCD. 
DSR. 
TXD. 
DLo 


..:J' JI6ItnlW'I~I~I'" ..:J' ..:J'..I 
oOa::a:~ 
0000 


The COM78C802 
Two-channel 
Asynchronous 
Receiver/ 
operations 
necessary 
for simultaneous 
reception 
and 
Transmitter 
(Dual UART) is a VLSI device for new genera- 
transmission 
Qfasynchronous 
messages 
on two independ- 
tions of asynchronous 
serial communication 
designs 
and 
ent lines. 
Figure 
1 is a functional 
block 
diagram 
of the 
for microcomputer 
systems. This device performs the basic 
COM78C802 
Dual UART. 
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INTERRUPT 
SUMMARY 
REGISTER 


DATA SET 
CHANGE 
SUMMARY 
REGISTER 


TxOO 


RxOa 
DSRO 


DC 00 


TxOl 
RxDl 
OSRI 
DCDI 


Pln-PLCC Pin-Dip 
Signal 
Input/Output 
Definition/Function 


5-8,15-18 
4-7,14-17 
Dl<7:0> 
input/output 
Data lines <7:0>-Receives 
and transmits the parallel 
data. 


33-37 
30-33 
ADD<3:0> 
input 
Address<3:0>-Selects 
the internal registers in the Dual 


UART. (Pins36 and 37 must be connected in PlCC package.) 


12 
11 
CS 
input 
Chip select-Activates the Dual UART to receive and trans- 
mit data over the DL<7:0> 
lines. 


14 
13 
OS 
input 
Data strobe-Receives timing information for data transfers. 


13 
12 
WR 
input 
Write-Specifies direction of data transfer on the DL<7:0> 
lines. 


9 
8 
ROY 
output 
Ready-Indicates when the Dual UART is ready to partici- 
pate in data transfer cycles. 


10 
9 
RESET 
input 
Reset-Initializes the internal logic. 


38 
34 
MRSIT 
input 
Manufacturing reset-For manufacturing use. 


39 
35 
ClK 
input 
Clock-Clock input for timing. 


20,42 
20,40 
DSR<1:0> 
inputs 
Data set ready-Monitor data set ready (DSR) signals from 
modems. 
21,43 
1,21 
DCD<1:0> 
inputs 
Data set carrier detect-Monitor 
data set carrier detect 
(DCD) signals from modems. 


32 
29 
IRQ 
output 
Interrupt request-Requests a processor interrupt. 


29 
26 
IRQLN<C> 
output 
Interrupt request line number-Indicates 
the line number of 


originating interrupt request. 


31 
28 
IRQTxRx 
output 
Interrupt request transmit/receive-Indicates 
whether an 
interrupt request is for transmitting or receiving data. 


19,41 
19,39 
TxD<1:0> 
outputs 
Transmit data-Provides asynchronous bit-serial data out- 
put streams. 


22.44 
2,22 
RxD<1:0> 
input 
Receive data-Accepts asynchronous bit-serial data input 
streams. 


28 
25 
Voo 
input 
Voltage-Power supply voltage + 5 Vdc. 


11,27,40 
10,24,36 
Vss 
input 
Ground-Ground reference 


DATA AND ADDRESS 
Data lines 
(DL<7:0»- 
These lines are used for the par- 
Address 
(ADD<3:0»- 
These 
lines select 
which 
Dual 
allel transmission 
and reception 
of data between the CPU 
UART internal 
register 
is accessible 
through 
the data I/O 
and the Dual UART. The receivers are active when the data 
lines (DL <7:0» 
when the data strobe (OS) and chip select 
strobe (OS) signal is asserted. The output drivers are active 
(CS) signals are asserted. 
Table 2 lists the addresses 
cor- 
only when the chip select (CS) signal is asserted, 
the data 
responding 
to each register. The receiver buffer and trans- 
strobe (DS) signal is asserted, 
and the write (WR) signal is 
mitter holdlillLregister 
for each line have the same address. 


deasserted. 
The drivers will become inactive (high-imped- 
When the (WR) signal is deasserted, 
the address accesses 
ance) within 50 nanoseconds 
when one or more of the fol- 
the receiver buffer register and when asserted, 
it accesses 
lowing occurs: 
the chip select (CS) signal is deasserted, 
the transmitter 
holding register. 
the data strobe (DS) signal is deasserted, 
or the write (WR) 
signal is asserted. 
I 


ADD 
Line" 
ReadlWrite 
Register 


<3> 
<2> 
<1> 
<0> 


0 
0 
0 
0 
Read 
Line 0 Receiver 
Buller 


0 
0 
0 
0 
Write 
Line 0 Transmitter 
Holding 


0 
0 
0 
1 
Read 
Line 0 Status 


0 
0 
1 
0 
ReadlWrite 
Line 0 Mode Registers 
1,2 


0 
0 
1 
1 
ReadlWrite 
Line 0 Command 


1 
0 
0 
0 
Read 
Line 1 Receiver 
Buller 


1 
0 
0 
0 
Write 
Line 1 Transmitter 
Holding 


1 
0 
0 
1 
Read 
Line 1 Status 


1 
0 
1 
0 
ReadlWrite 
Line 1 Mode Register 
1,2 
1 
0 
1 
1 
ReadlWrite 
Line 1 Command 


X 
1 
0 
0 
Read 
Interrupt 
Summary 
X 
1 
0 
1 
Read 
Data Set Change 
Summary 


BUS TRANSACTION 
CONTROL 


Chip 
select 
(CS)- This signal 
is asserted 
to permit data 


transfers through the DL <7:0> 
lines to or from the internal 


registers. Data transfer is controlled 
by the data strobe (DS) 


signal and write (WR) signal. 


Data strobe 
(Ds)- 
This input receives timing information 


for data transfers. 
During a write cycle, the CPU asserts the 


data strobe signal when valid output data is available 
and 


deasserts the data strobe signal before the data is removed. 
During a read cycle, the CPU asserts the data strobe signal 
and the Dual UART transfers the valid data. When the data 
strobe signal is deasserted, 
the DL<7:0> 
lines become a 


high impedance. 


Write (WR)- The write (WR) signal specifies 
the direction 


of data transfer 
on the DL<7:0> 
pins.:J!.the W...B...signalis 


asserted 
during 
a data transfer 
(the CS and DS signals 


asser~, 
the Dual UART is receiving data from DL<7:0>. 
If the WR signal is deasserted 
during a write data transfer, 
the Dual UART is driving data onto the DL <7:0> 
lines. 


INTERRUPT 
REQUEST 


Interrupt 
request 
IRQ-The 
IRQ pin is an open drain out- 


put. The integral 
interrupt 
scanner 
asserts the IRQ signal 


when it has detected 
an interrupt 
condition 
on one of the 


two serial data lines. 


Interrupt 
Request 
transmit/receive 
(IRQTxRx)- 
This 


signal 
indicates 
when 
the interrupt 
scanner 
in the Dual 


UART 
stops 
and asserts 
IRQ because 
of a transmitter 


interrupt 
condition 
(the IRQTxRx 
signal 
is asserted) 
or 


because of a receiver interrupt condition 
(the IRQTxRx sig- 


nal is deasserted). 
The signal 
is valid only while 
IRQ is 


asserted. 
The state of IRQTxRx signal also appears 
as bit 
o of the interrupt summary 
register. 


Interrupt 
request 
line number 
(IRQLN<O:O»- 
This line 
indicates the line number at which the Dual UART inte.!!!:!Qt 
scanner stopped 
and asserted 
the interrupt 
request (IBQl 


signal. The number on this line is valid only while the IRQ 
signal is asserted. 
The state of this signal also appears 
a 


bit in the interrupt 
summary 
register: 
IRQLN<O> 
as bit 1. 


Table 3 shows the line numbers 
corresponding 
to settings 


of IRQ LN. 
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SERIAL DATA 
Transmit 
data (TxD<1 
:0»- 
These 
outputs 
transmit 
the 
asynchronous 
bit-serial data streams. They remain at a high 
level when no data is being transmitted and a low level when 
the TxBRK bit in the associated 
line's command 
register is 


set. 


Receive 
data 
(RxD<1 
:0»- 
These 
lines 
accept 
asyn- 


chronous 
bit-serial 
data streams. 
The input signals 
must 


remain in the high state for at least one-half 
bit time before 


a high-to-Iow 
transition 
is recognized. 
( A high-to-Iow 
tran- 


sition is required to signal the beginning 
of a "start" 
bit and 


initiate data reception). 


MODEM 
SIGNALS 


Data set ready 
(DSR<1 
:0»- 
These two input pins, one 


for each serial data line on the COM78C802, 
are typically 


connected 
via intervening 
level converters 
to the data set 


ready outputs of modems. 
A TTL low at a DSR pin causes 


the DSR bit (bit 7) in the corresponding 
line's status register 
to be asserted. 
A TTL high at a DSR pin causes the DSR 


bit in the corresponding 
line's status 
register to be deas- 


serted. A change 
of this input from high-to-Iow, 
or low-to- 


high, 
causes 
the 
assertion 
of the 
data 
set 
change 


(DSCHNG) 
bit that corresponds 
to this line in the data set 


change summary 
register. Changes 
from one state to the 


other and back again that occur within one microsecond may 
not be detected. 


Carrier 
detect 
(DCD<1 :0»- 
These two input pins, one for 


each serial data line of the Dual UART, are typically 
con- 
nected through intervening 
level converters 
to the received 


line signal 
detect 
(also called 
carrier 
detect) 
outputs 
of 
modems. A TTL low at a DCD pin causes the DCD bit of the 
corresponding 
line's 
status 
register 
to be deasserted. 
A 


change of this input from high-to-Iow, or low-.to-high, causes 
the assertion 
of the data set change 
(DSCHNG) 
bit corre- 


sponding 
to this line in the data set change 
summary 
reg- 


ister. Changes 
from one state to the other and back again 


that occur within one microsecond 
may not be detected. 


GENERAL 
CONTROL 
SIGNALS 


Ready (RDY)- The RDY pin is an open drain output. Upon 
detecting 
a negative transition 
of chip select (CS), the Dual 


UART asserts the RDY signal to indicate readiness 
to take 


part in data transfergcles. 
The RDY signal deasserts 
after 


the trailing edge of CS.I 


Reset (RESET)-When 
the RESET 
input in asserted, 
the 


TxD<1 :0> 
lines are asserted 
and all internal 
status 
bits 


listed in the "Architecture Summary" discussion are cleared. 


Manufacturing 
reset 
(MRESET)- 
This signal is for man- 


ufacturing 
use only and the input should be connected 
to 


ground for normal operation. 


MISCELLANEOUS 
SIGNALS 


Clock 
in (CLK)-AII 
baud 
rates and internal 
clocks 
are 


derived from this input. Normal operating frequency is 4.9152 
MHz ±0.1 percent and duty cycle is 50 percent ±5 percent. 


ARCHITECTURE 
SUMMARY 
The Dual UARTfunctions 
as a serial-to-parallel, 
parallel-to- 


serial 
converter/controller. 
It can be programmed 
by a 


microprocessor 
to provide different characteristics 
for each 


of its two serial data lines (stop bits, parity, character 
length, 


split baud rates, etc.) 
Each serial line functions 
the same as a one-line 
UART- 


type device thereby reducing the number of chips and con- 
serving space on communication 
devices that require mul- 


tiple communications 
lines. 


An integral 
interrupt 
scanner 
checks 
for device 
interrupt 
conditions 
on the two lines. Its scanning 
algorithm 
gives 


priority to receivers over transmitters. 
The scanner can also 


check for interrupts 
resulting from changes 
in modem con- 


trol signals DSR and DCD. 


Line-specific 
Registers 
Each of the two serial data lines in the Dual UART has a set 
of registers for buffering data into and out of the line and for 
external 
control 
of the line's characteristics. 
These 
regis- 


ters are selected 
for access 
by setting 
the appropriate 


address on lines ADD<3:0>. 
Lines ADD<4:3> 
select one 


of the two data lines. Lines ADD<2:0> 
selects the specific 


register for that line. Refer to Table 2 for the register address 
assignments. 


Receiver 
buffer 
register-Each 
line's receiver consists of 


a character 
assembly 
register and a two-entry 
FIFO that is 


the receiver buffer register. When the RxEN bit in a line's 
command 
register 
is set, receil(ed characters 
are moved 


automatically 
into the line's receiver buffer as soon as they 


have been deserialized 
from the associated 
communica- 


tions 
line. When 
there 
are characters 
in this FIFO, the 


RxRDY bit is set in the status register for the line. 
The assertion 
of the RxRDY signal for a line that already 


has the RxlE bit of its command 
register 
set causes 
the 


interrupt 
scanner 
logic to stop and generate 
an interrupt 


condition 
(the IRQ signal is asserted). 
When the receiver 


buffer is read, the interrupt condition is cleared (the IRQ sig- 
nal is deasserted) 
and the interrupt 
scanner 
resumes 


operation. 
If there 
is another 
entry in a line's 
FIFO, the RxRDY 
bit 


remains asserted. When the interrupt scanner reaches this 
line again, the assertion 
of RxRDY causes the scanner to 


halt and assert the IRQ again. 
Asserting 
the RESET signal or clearing 
the RxEN bit ini- 


tializes the receiver logic of Dual UART. The RxRDY flag is 
cleared 
and the receiver 
buffer 
register 
outputs 
become 


undefined. 
Any data in the FIFO at that time is lost. 


Transmitter 
holding 
register-Each 
line has a writable 


transmitter 
holding register. When the TxEN bit in the line's 


command 
register is set, characters 
are moved automati- 


cally from the output of this register into the transmitter 
seri- 


alization logic whenever the serialization logic becomes idle. 
When this register is empty, the TxRDY bit in the line's sta- 
tus register is set. If the transmitter 
interrupt enable (TxIE) 


bit in the line's command 
register is also set, the interrupt 


scanner logic halts and generates 
an interrupt condition. 
If 


a character 
is then loaded into the register, the interrupt 
is 
cleared and the scanner 
resumes operation. 
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Assertion of the RESET signal initializes the transmitter logic 
of the Dual UART. The TxRDY flag is cleared and the trans- 
mitter holding 
register's 
contents 
are lost. The transmitter 


enable 
(TxEN) 
bit in the line's command 
register 
is also 


cleared 
by RESET. 
If at the end of the reset process, 
the 


TxEN is reasserted 
and TxRDY bit is reasserted. 
Software 


clearing of TxEN alone produces 
results different from the 


full RESET 
in that the transmitter 
holding 
register's 
con- 


tents are not lost; they are transmitted 
when TxEN is set 


again. 


Status 
register-Each 
line has a read-only 
status register 


that provides information about the current state of the given 
line. This register indicates 
a line's readiness 
for transmis- 


sion or reception of data and flags error conditions 
in its bit 


fields. Figure 3 shows the format of the status register. Table 
3 lists the flag bits in each status register. 


DSR 
DCD 
FER 


ORR 


PER 


TxEMT 


RxADY 


TxROY 
I 


FIGURE 3: COM78C802 
STATUS REGISTERS 


(LINE 0:1) FORMAT 


Bit 
Description 


7 
DSR (Data set ready)- 
This bit is the inverted 
state of the DSR line. 


6 
DCD (Data set carrier 
detect)- 
This bit is the inverted 
state of the DCD line. 


S 
FER (Frame 
error)-Set 
when the received 
character 
currently 
displayed 
in the receiver 
buffer 
register 
was not 


framed 
by a stop bit. Only the first stop bit is checked 
to determine 
that a framing 
error exists. 
Subsequent 


reading 
of the receiver 
buffer 
register 
that indicates 
all zeros (including 
the parity bit, if any) can be interpreted 


as a Break condition. 
This bit is cleared 
by clearing 
RxEN (bit 2) of the command 
register, 
by asserting 
the 


RESET 
input. or by setting 
the reset error RERR 
(bit 4) of the command 
register. 


4 
ORR (Overrun 
error)-Set 
when the character 
in the receiver 
buffer 
register 
was not read before 
another 
char- 
acter was received. 
Cleared 
by clearing 
RxEN (bit 2) of the command 
register, 
by asserting 
the RESET 
input, 


or by setting 
reset error RERR (bit 4) of the command 
register. 
3 
PER (Parity error)-If 
parity is enabled 
and this bit is set, the received 
character 
in the receiver 
buffer 
register 


has an incorrect 
parity bit. This bit is cleared 
by clearing 
RxEN (bit 2) of the command 
register, 
by asserting 
the 


RESET 
input, by setting 
reset error RERR (bit 2) of the command 
register. or by reading 
the current 
character 


in the receiver 
buffer 
register. 


2 
TxEMT 
(Transmitter 
empty)-Set 
when the transmitter 
serialization 
logic for the associated 
line has completed 
transmission 
of a character, 
and no new character 
has been loaded 
into the transmitter 
holding 
register. 


Cleared 
by loading 
the transmitter 
holding 
register. by clearing 
TxEN 
(0) of the command 
register, 
or by assert- 
ing the RESET 
input. 


1 
RxRDY 
(Receiver 
buffer 
ready)-When 
set, a character 
has been loaded 
into the FIFO buffer from the deserial- 
ization 
logic. Cleared 
by reading 
the receiver 
buffer 
register, by clearing 
RxEN (bit 2) in the command 
register, 


or by asserting 
the RESET 
input. 


0 
TxRDY 
(Transmitter 
holding 
register 
ready)-When 
set, this bit indicates 
that the transmitter 
holding 
register 
is 


empty. Cleared 
when the program 
has loaded a character 
into the transmitter 
holding 
register, 
when the trans- 


mitter for this line is disabled 
by clearing 
TxEN (bit 0) in the command 
register. or by asserting 
the RESET 


input. This bit is initially 
set when the transmitter 
logic is enabled 
by the setting 
of TxEN 
(bit 0) and the transmit- 
ter holding 
register 
is empty. This bit is not set when the automatic 
echo or remote 
loop back modes 
are pro- 


grammed. 
Data can be overwritten 
if a consecutive 
write is performed 
while TxRDY 
is cleared. 


Mode registers 
1 and 2-These read/write 
registers con- 
trol the attributes (including parity, character length, and line 
speed) of the communications 
line. 


Each of the two communications 
lines has two of these reg- 
isters, both accessed 
by the same address on ADD<3:0>. 
Successive 
access operations 
(either read or write, in any 


combination) 
alternate 
between 
the two registers 
at that 


address 
by use of an internal 
pointer. The first operation 


addresses 
mode register 1, the next address mode register 


2, and another after that would recycle the pointer to mode 
register 1. The pointer is reset to point to mode register 1 by 
RESET or by a read of the command 
register for this line. 
These 
registers 
should 
not be accessed 
by bit-oriented 


instructions 
that do read/modify/write 
cycles. 


Figure 4 shows the format of mode registers 
1 and Table 5 


describes 
the function of the register information. 


STOP---- 
PARCTRL------ 


CHAR 
LENGTH 
-------- 


RSRV 


MCIE 


FIGURE 4-COM78C802 
MODE 
REGISTERS 
1 (LINE 0:1) FORMAT 


Bit 
Description 


7,6 
STOP- 
These 
bits determine 
the number 
of staR bits that are appended 
to the transmitted 
characters 
as 
follows. 
These 
bits are cleared 
by asserting 
the RESET 
input. 


Bits 
Stop 
Bits 
7 
6 
0 
0 
Invalid 
0 
1 
1.0 


1 
0 
1.5 


1 
1 
2.0 


5,4 
PAR CTRL 
(Parity 
control)- 
These 
bits determine 
parity 
as follows 
and are cleared 
by asserting 
the RESET 


input. 
X = either 
1 or O. 


Bits 
Parity Type 
5 
4 
1 
1 
Even 
0 
1 
Odd 
X 
0 
Disabled 


3,2 
CHAR 
LENGTH 
(Character 
length)- 
These 
bits determine 
the length 
(excluding 
start 
bit, parity, 
and stop 


bits) of the characters 
received 
and sent. 
Received 
characters 
of less than 8 bits are "right 
aligned" 
in the 


receiver 
buffer 
with unused 
high-order 
bits equal to zero. Parity bits are not shown 
in the receiver 
buffer. 
The 


character 
length 
bits are cleared 
by asserting 
the RESET 
input. The character 
length 
bits are defined 
as 


follows: 
Bit 
Bit Length 
3 
2 
0 
0 
5 
0 
1 
6 
1 
0 
7 


1 
1 
8 


1 
RSRV 
(Reserved 
and cleared 
by asserting 
the RESET 
input.) 


0 
MCIE 
(Modem 
control 
interrupt 
enable)-When 
set and RxlE 
(bit 5) of the command 
register 
is set, the 


modem 
control 
interrupts 
are enabled. 
Refer to the Interrupt 
Scanner 
and Interrupt 
Handling 
information. 


Cleared 
by asserting 
the RESET 
input. 


Figure 5 shows the format 
of mode registers 
2 and Table 
Command register-These 
read/write 
registers 
control 
6 indicates 
the baud rate selections 
of the register. Bits 7 
various functions 
on the selected 
line. Figure 6 shows·the 
through 
4 of the mode 
register 
2 control 
the transmitter 
format 
of the command 
registers 
and Table 7 describes 
baud rate and bits 3 through 
0 control the receiver baud 
the function 
of the register 
information. 
rate. These registers are cleared by asserting RESET input. 


FIGURE 5-COM78C802 
MODE 


REGISTERS 
2 (LINE 0-1) FORMAT 
FIGURE 6-COM78C802 
COMMAND 
REGISTERS 
(LINE 0-1) FORMAT 


Bit 
Description 


7:0 
XMIT 
RATE/RECV 
RATE (Transmitter/Receiver 
Rate)-Selects 
the baud 
rate of the transmitter 
(bits 7:4) and 
receiver 
(bits 3:0) as follows: 
Transmitter 
Bits 
Receiver 
Bits 
Nominal 
Actual 
Error' 
7 
6 
5 
4 
3 
2 
1 
0 
Rate 
Rate 
(percent) 
0 
0 
0 
0 
0 
0 
0 
0 
50 
same 
- 


0 
0 
0 
1 
0 
0 
0 
1 
75 
same 
- 
0 
0 
1 
0 
0 
0 
1 
0 
110 
109.09 
0.826 
0 
0 
1 
1 
0 
0 
1 
1 
134.5 
133.33 
0.867 
0 
1 
0 
0 
0 
1 
0 
0 
150 
same 
- 
0 
1 
0 
1 
0 
1 
0 
1 
300 
same 
- 
0 
1 
1 
0 
0 
1 
1 
0 
600 
same 
- 
0 
1 
1 
1 
0 
1 
1 
1 
1200 
same 
- 
1 
0 
0 
0 
1 
0 
0 
0 
1800 
1745.45 
3.03 
1 
0 
0 
1 
1 
0 
0 
1 
2000 
2021.05 
1.05 
1 
0 
1 
0 
1 
0 
1 
0 
2400 
same 
- 
1 
0 
1 
1 
1 
0 
1 
1 
3600 
3490.91 
3.03 
1 
1 
0 
0 
1 
1 
0 
0 
4800 
same 
- 
1 
1 
0 
1 
1 
1 
0 
1 
7200 
6981.81 
3.03 
1 
1 
1 
0 
1 
1 
1 
0 
9600 
same 
- 
1 
1 
1 
1 
1 
1 
1 
1 
19200 
same 
- • 


Bit 
Description 


7,6 
OPER 
MODE 
(Operating 
mode)- 
These 
bits control 
the operating 
mode 
of the channel 
as follows. 
These 
bits are cleared 
by asserting 
the RESET 
input. 


Bit 
Operating 
Mode 
7 
6 
0 
0 
Normal 
operation 
0 
1 
Automatic 
echo 
1 
0 
Local 
loop back 
1 
1 
Remote 
loopback 


5 
RxlE 
(Receiver 
interrupt 
enable)-When 
set, the RxRDY 
flag (bit 1) of the status 
register 
for this line will 


generate 
an interrupt. 


4 
RERR 
(Reset 
error)-When 
set, this bit clears 
the framing 
error, overrun 
error, and parity 
error of the status 
register 
associated 
with this line. This bit is cleared 
by asserting 
the RESET 
input 
(not self-clearing) 
.. 


3 
TxBRK 
(Transmit 
break)-When 
set, this bit forces 
the appropriate 
TxD<1 
:0> 
line to the spacing 
state 
at the 


conclusion 
of the character 
presently 
being transmitted. 
When 
the program 
clears 
this bit, normal 
operation 


is restored, 
and any character 
pending 
in the transmitter 
holding 
register 
is moved 
into the serialization 
logic 
and transmitted. 
The minimum 
break 
length 
obtainable 
is twice 
the character 
length 
plus 
1 bit time. The 
maximum 
break 
length 
depends 
on the amount 
of time between 
the program 
setting 
and clearing 
this bit, 


but is an integral 
number 
of bit times. 
This bit is cleared 
by asserting 
the RESET 
input. 


2 
RxEN 
(Receiver 
enable)-When 
set, this bit enables 
the receiver 
logic. When 
cleared, 
it stops 
the assem- 


bling of the received 
character, 
clears 
all receiver 
error bits and the RxRDY 
(bit 1) of the status 
register, 


clears 
any receiver 
interrupt 
conditions 
associated 
with this line, and initializes 
all receiver 
logic. This bit is 
cleared 
by asserting 
the RESET 
input. 


1 
TxlE 
(Transmit 
interrupt 
enable)-When 
set, the state of the associated 
TxRDY 
flag (bit 0) of the status 
reg- 


ister is made 
available 
to the interrupt 
scanner 
logic. When 
the interrupt 
scanner 
logic scans 
this line, it 
determines 
if the TxRDY 
flag is asserted 
and generates 
an interrupt 
by asserting 
the IRQ signal. 


0 
TxEN 
(Transmitter 
enable)-When 
set, this bit enables 
the transmitter 
logic. When 
cleared, 
it inhibits 
the 
serialization 
of the characters 
that follow 
but the serialization 
of the current 
character 
is completed. 
It also 
clears 
the TxRDY 
flag (bit 0) of the status 
register, 
clears 
any transmitter 
interrupt 
conditions 
associated 
with 
this line, and initializes 
all transmitter 
logic except that associated 
with the transmitter 
holding 
register. 
The 
character 
in the transmitter 
holding 
register 
is retained 
so that XON/XOFF 
situations 
can be properly 
pro- 
cessed. 
This bit is cleared 
by asserting 
the RESET 
input. 


Bits 5 through 0 enable the line's receiver and transmitter, 
enable 
handling 
of interrupts, 
initiate the transmission 
of 
break characters, 
and reset error bits for the line. Refer to 


"Interrupt 
Scanner" 
and "Interrupt 
Handling" 
paragraphs 
for detailed 
interrupt 
information. 
Bits 7 and 6 control the 
operating 
mode of the line. The four modes that can be 
set are: 


o Normal 
operation-The 
serial data received 
is assem- 
bled in the receiver logic and transferred 
in parallel to the 
receiver buffer register. (The RxEN bit must be set.) Data 
to be transmitted 
is loaded in parallel into the transmitter 
hdlding register, then automatically 
transferred 
into the 
transmitter 
logic and serialized 
for transmission. 
(The 
TxEN bit must be set.) 


o Automatic 
echo- The serial data received is assembled 


into parallel in the receiver logic (the RxEN bit must be 
set) and transferred 
to the receiver buffer register. Arriv- 


ing serial data is also routed to the line's TxD<n> 
pin for 


serial output. TxEN is ignored and the transmitter 
logic 


is disabled. 
TxRDY 
flags 
and TxEMT 
indications 
are 


cleared. 
No transmitter 
interrupts 
are generated. 
o Localloopback- 
The serial data from the RxD<n> 
input 
is ignored and the receiver serial input receives data from 
the transmitter 
serial output. The data is assembled 
into 


parallel form in the receiver logic (the RxEN bit must be 
set) and transferred 
to the receiver buffer register where 


it can be read by the program. 
Data to be transmitted 
to 


the receiver is loaded in parallel form into the transmitter 
holding register from which it is automatically 
moved into 


the transmitter 
logic and serialized for transmission. 
(The 


TxEN bit must be set.) The transmission 
goes only to the 


receiver serial input; the TxD<n> 
output is held high. As 


in normal 
operation, 
transmission 
and reception 
baud 


rates are controlled by the transmitter speed and receiver 
speed entries in mode register 2. 
o Remote 
loopback- 
The 
serial 
data 
received 
on the 


RxD<n> 
line is returned 
to the TxD<n> 
line without 


further 
action. 
No data is received 
or transmitted. 
The 


RxRDY, TxRDY, 
and TxEMT 
flags 
are disabled. 
The 


TxEN and RxEN bits of the command 
register are held 


cleared, causing the transmitter 
and receiver logic to be 


disabled. 


SUMMARY 
REGISTERS 


The Dual UART contains 
two register!? that summarize 
the 


current status of all two serial data lines, making it possible 
to determine 
that a line's status has changed 
with a single 


read operation. 
These registers are 'selected for access by 


setting 
the appropriate 
address 
on pins ADD 
<2:0>. 


Because 
the registers 
are shared 
by two serial lines, the 


line-selection 
bits (ADD <4:3» 
are ignored 
when these 


. registers 
are accessed. 
Refer to "Interrupt 
Scanner 
and 


Interrupt Handling" 
for' detailed 
interrupt information. 


Interrupt 
summary 
register-This 
read-only 
register indi- 


cates that a transmitter 
or receiver interrupt condition 
has 


occurred, 
and indicates the line number that generated 
the 


interrupt. 
Figure 7 shows the format of the interrupt 
sum- 


mary register and Table 8 describes 
register information. 


IRQ 


RAZ 
-------~ 


INT 
LINE 
NO 


Tx/Rx 


FIGURE 7-COM78C802 
INTERRUPT 
SUMMARY 
REGISTER 
FORMAT 


Bit 
Description 


7 
IRQ (Interrupt request)-When 
set, this bit indicates that the interrupt scanner has found an interrupting con- 


ditiQn amQngthe tWQserial lines Qfthe Dual UART. These cQnditiQnsalso result in the Dual UART asserting 
the IRQ signal. 


6:2 
RAZ (Read as zero)-NQt used 


1* 
INT LINE NO (Interrupting line number)- This bit indicates the line number upon which an interrupting condition 
was found. Refer to Table 3. 


0* 
TxlRx (TransmiVreceive)- This bit indicates whether the inter'ruptingcondition was caused by a transmitter (TxI 
Rx equals 1) or a receiver (TxlRx equals 0). This bit corresponds to the IRQTxRx signai of the Dual UART 
and is set when IRQTxRx is asserted. 


Data set change 
summary 
register-When 
the DSR or 


OeD inputs that are associated 
with a line change 
state, 
the bit corresponding 
to that line in this read-only 
register 


is set. The current state of the DSR and DCD inputs can 


FIGURE 8-COM78C802 
DATA SET CHANGE 


SUMMARY 
REGISTER FORMAT 


then be obtained from that line's status register. If the state 
of a line changes twice within one microsecond, the change 
in state may not be detected. 
Figure 8 shows the format 


of the data set change 
summary 
register. 


When the MCIE bit in a line's mode register 
1 is set and 


RxlE is also set, the modem control interrupts 
are enabled 


for that line. If DSCHNG for that line is then set, the interrupt 
scanner 
will halt and assert the IRQ signal. The data set 


change summary 
register bits are cleared by writing a 1 into 


the bit position. A program that uses this register should read 
and save a copy of its contents. 
The copy can then be writ- 


ten back to the register to clear the bits that were set. The 
system interrupts should be disabled and writeback 
should 


directly follow the read operation. 


Assertion 
of the RESET signal disables 
and initializes the 


data set change 
logic. When the RESET 
signal 
is deas- 


serted, 
future changes 
in DSR and DCD are reported 
as 


they occur. 
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INTERRUPT 
SCANNER 
AND INTERRUPT 
HANDLING 


The interrupt 
scanner 
sequentially 
checks each line for a 


receive interrupt 
and then checks 
each one in the same 


order for a transmitter 
interrupt. 
If the scanner 
detects an 
interrupt condition, 
it stops and the IRQ signal is asserted. 
An interrupt must be serviced 
by software or no other inter- 


rupt request can be posted. 


The scanner determines 
that a line has a receiver interrupt 


if the line's receiver buffer is ready and receiver interrupts 
are enabled for that line (RxRDY and RxlE = 1) or either of 
the line's modem status signals has changed state and both 
receiver and modem control interrupts 
are enabled for that 


line (DSCHNG 
and RxlE and MCIE = 1). 


The scanner determines 
that a line has a transmitter 
inter- 


rupt if the line's transmitter 
holding the register is empty and 


transmitter 
interrupts 
are enabled for that line (TxRDY and 


TxIE= 
1). 


When the scanner 
detects 
an interrupt, 
it reports the line 


number 
on the 
IRQ<O> 
line. 
The 
IRQTxRx 
signal 
is 


asserted 
for a transmitter 
interrupt 
and deasserted 
for a 


receiver interrupt. The appropriate 
bits are also updated in 


the interrupt summary 
register. The IRQ line is deasserted 


and the scanner 
is restarted for each of the following 
three 


types of interrupt conditions. 
o Reading the receiver buffer or resetting the RxlE bit of 


the interrupting 
line for the first type of receiver interrupt 
previously 
described. 
o Resetting 
the MCIE, RxIE, or DSCHNG 
bit of the inter- 
rupting line for the second type of receiver interrupt pre- 
viously described. 


o Loading the transmitter 
holding register or resetting the 


TxlE bit of the interrupting 
line for transmitter 
interrupts. 


If the scanner was originally stopped by a receiver interrupt 
condition, 
the scanner 
resumes sequential 
operation 
from 


where it stopped, thus providing 
receivers with equal prior- 


ity. If the scanner 
was stopped 
by a transmitter 
condition, 


the scanner restarts from position 0 (line D's receiver), thus 
giving receivers priority over transmitters. 


EDGE-TRIGGERED 
AND LEVEL-TRIGGERED 
INTER- 


RUPT SYTSTEMS 
If the interrupt 
system of the Dual UART is used only for 


generating 
interrupts 
for the RxRDY and/or TxRDY flags, 


the IRQ line can be connected 
to a processor 
having either 


edge-triggered 
or level-triggered 
interrupt 
capability. 
If the 


modem 
control 
interrupts 
are being used (MCIE in mode 


register 1 = 1), the IRQ line can be connected 
only to a pro- 


cessor that uses level-triggered 
interrupts. I 
MODEM HANDLING 


The TxEMT (transmitter 
empty) bit of the status register is 


typically 
used to indicate when a program 
can disable the 


transmission 
medium, as when deasserting 
the request-to- 


send line of a modem. 
A typical 
program 
will load the last 
character 
for transmission 
and then monitor the TxEMT bit 


of the status register. 


The assertion of the TxEMT bit to indicate the transmission 
is complete 
may occur a substantial 
time after the loading 


of the last character. After the last character 
is loaded, one 


character 
is in the transmitter 
holding 
register 
and one 


character 
is in the serialization 
logic. Therefore, 
it will be 


two character 
times 
before 
the transmission 
process 
is 
completed. 
Waiting for the TxRDY signal to assert before 


monitoring 
the TxEMT status shortens 
this by one charac- 


ter time because the TxRDY status bit indicates 
that there 


are no characters 
in the transmitter 
holding 
register. The 


times involved are calculated 
by taking the reciprocal 
of the 


baud rate being used, multiplying 
by the number of bits per 
character 
(a starter bit-5,6,?, 
or 8 data bits; plus parity bit 
if enabled; and 1,1.5, or 2 stop bits), and multiplying by either 
two characters 
or one, depending 
on when TxEMT 
moni- 


toring begins. 


TEST 
POINT 


TEST 
VDD 
S1 
POINT 
VDD 


I kSl 
I k !1 
FROM 
OUTPUT 


FROM 
OUTPUT 
f' 


I kS1 
r 


Sl CLOSED. 
PULL 
UP 


S2 CLOSED: 
PULL 
DOWN 
SlANDS2CLOSED 
DIVIDER 


MAXIMUM 
GUARANTEED 
RATINGS' 


Operating 
Temperature 
Range 
........................................•.............................•........... 
O°C to + 70°C 


Storage 
Temperature 
Range 
................................................•..•..•.....•..•.............•... 
- 55° to + 125°C 
Lead Temperature 
(soldering, 
10 sec.) 
..............................................................•..•.............. 
+ 300°C 
Positive 
Voltage 
on any 1/0 Pin, with respect 
to ground 
..........................•........•.......................... 
Vcc + 0.3V 
Negative 
Voltage 
on any 1/0 Pin, with respect 
to ground 
...................................................•............. 
- 0.3V 
Maximum 
Vcc 
+ 7V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 


device 
at these or at any other condition 
above those indica!ed 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
be exceeded 
or device failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 


is switched 
on and oll. 
In addition, 
voltage 
transients 
on the AC power 
line may appear 
on the DC output. 
For example, 
the bench 


power 
supply 
programmed 
to deliver 
+ 5 volts may have large voltage 
transients 
when 
the AC power 
is switched 
on and oll. 
If this 


possibility 
exists 
it is suggested 
that a clamp 
circuit be used. 


Symbol 
Parameter 
Test Condition 
Requirements 
Units 
Min. 
Typ. 
Max. 


V," 
High-level 
input voltage 
2.0 
V 


V" 
Low-level 
input voltage 
0.8 
V 


Voo 
High-level 
output 
voltage 
Voo=Min. 
2.4 
V 


100=3.5 
mA for DL<7:0> 


10" = 2.0 mA for all 
remaining 
output 
except 
IRQ 
and RDY 


VOL 
Low-level 
output 
voltage 
Voo=Min. 
0.4 
V 
IOL= 5.5 mA for DL <7:0> 
IOL= 3.5 mA for all remaining 
outputs 


IIH" 
Input current 
at maximum 
Voo=Max. 
10 
fLA 
input voltage 
V,=Voo(Max.) 


I'L 
Input current 
at miminum 
Voo=Max. 
-10 
fLA 
input voltage 
V,=O.OV 


10s' 
Short-circuit 
output 
Voo=Max. 
-50 
-180 
mA 
current 
for DL <7:0> 
all 


remainin9...Qlliputs 
except 
IRQ and RDY 
-30 
-110 
mA 


IOZL2 
Three-state 
output 
Voo=Max. 
10 
fLA 
current 
Vo=0.4V 


IOZH2 
Three-state 
output 
Voo=Max. 
10 
fLA 


current 
Vo=2.4V 


100 
Supply 
current 
Voo=Max. 
mA 
T.=O° 
15 


C," 
Input capacitance 
4 
pF 


C103 
Input/output 
capacitance 
5 
pF 


'No more than one ouput should be short circuited at a time. and the duration of the short should not exceed 1 second. 
'All three-state output drivers are wired in an 1/0 configuration. The parameters include the driver and input receiver leakage currents. 
'The parameters include the capacitive loads of the output driver and the input receiver. 


TIMING PARAMETERS 
shows the signal timing for a write cycle to transfer 
infor- 


Figure 10shows the signal timing for a read cycle to transfer 
mation from the processor 
to the Dual UART. Table 11 lists 


information 
from the Dual UART to the processor. Figure 11 
the timing parameters 
for the read and write cycles. 
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I 


FIGURE 11-COM78C802 
BUS WRITE CYCLE TIMING 
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tAHO 
Hold time 01a valid ADD <3:0> 
to a valid high level 01 


OS. 
10 


tASU 
Setup time 01a valid ADD <3:0> 
to the lalling edge 01 


OS. 
30 


tCHO 
Hold time 01a valid low level 01CS to a valid high level 01 
OS. 
10 


leou 
Setup time 01a valid low level 01CS to the lalling edge 01 
OS. 
30 


too 
Prop~tion 
delay 01a valid low level on OS (il CS is low 
and WR is high) to valid high or low data on OL <0>. 
165 
CL=150 
pF 


tOOLz2 
Prop~tion 
delay 01a valid high level on OS (il CS is low 
and WR is high) to OL <0> 
output drivers disabled. 


tomz 
50 
CL =50pF 


tOOHZ 
50 
CL=50pF 


toOlZ 
60 
CL = 100pF 
tOOHZ 
60 
CL = 100pF 
toou 
65 
CL = 150pF 
tOOHZ 
65 
CL = 150pF 


tooZL 
Prop~tion 
delay 01a valid low level on OS (il CS is low 
and WR is high) to OL <7:0> 
output driver enabled. 
toozL 
165 
CL = 150pF 


tOOZH 
0 
165 
CL = 150pF 


to, 
Hold time provided during a read cycle by Dual UART 01 
val&.-high or low data on OL <7:0> 
after the rising edge 


aiDS. 
0 


tOHO 
Hold time 01a valid OL <7:0> 
to a valid high level aiDS. 
30 


tOPWH 
Pulse width high aiDS. 
450 


tOPWLR 
Pulse width lawai OS when WR is high (read operation). 
Reier to timing parameter topw\.walso. 
180 
10,000 


tOPWLW 
Pulse width lawai OS when WR is low (write operation). 
Reier to timing parameter toPWLA 
also. 
130 
10,000 


tosu 
Setup time 01a valid OL <7:0> 
to the rising edge aiDS. 
50 


t103 
Propagation delay.-QLavalid low level on OS (il CS is low) 
to a high level on IRQ. 
635 
CL=50pF 


tACH" 
Propagation ~ 
01a valid high level 01CS to a valid 
high level on ROY. 
210 
CL=50pF 


tRDL 
Propagation delay 01a valid low level on CS to a valid 
low level on ROY. 
90 
CL=50pF 


tWHO 
Hold tim~1 
a valid high or low level 01WR to a valid high 
level aiDS. 
10 


twsu 
Setup time 01a valid high or low level 01WR to the lalling 
edge aiDS. 
30 


'Refer to Figure 9 for the load circuits used with these measurements. 
'The Ioou and tOOHZ parameters are measured with CL = 150 pF. The values of tOOL2 and tDl><Zfor CL = 50pF and CL = 100 pF have been derived for user 
convenience. 
'Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t'Dparameter can be calculated 
by the following: t'D= 500 + RCL where R = value of the resistor that connects to capacitor CL in ioad A, Figure 9. 
'Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tADHparameter can be calculated 
by the following: tADH= 75 + RCL where R ~ value of the resistor that connects to capacitor CL in load A, Figure 9. 


Figure 12 shows the signal timing for the clock input, inter- 
rupt timing, effect of the RESET input on data strobe, data 
set carner 
detect 
(DCD) and data set ready (DSR) input 
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timing, and the transmit data output timing. Table 11lists the 
timing parameters 
lor Figure 12. 


elK 


'CPWH 


CLOCK 


IROLN/IRQTxRx 


t"J 
t-,,~J 
IRQ 
I 


INTERRUPT 


RESETl 


'RES 
:~, 
OS 
II 
1\ 
IORSU 
IDRHO 
. 
. 


DCD/OSR< 1:0 > 
~:::::::::::::::::::::V::::Al::::'O::::-~~-:p-/:-S--R--O-A-=-T-A--------- 
_.F~----------- 


L='TXSK_L'TXSKJ~-----~r-- 


Symbol 
Definition 
Requirements 
(ns) 
Min. 
Load Circuit' 


lep 
Period of CLK. 
203.45 (4.9152 MHz) 


lePWH 
Pulse width high of CLK. 
95 


lePWl 
Pulse width low of CLK. 
95 


tOAHO 
Hold time of a valid high level of DS to a valid high level 
1,000 
of RESET. 


tOASU 
Setup time of a valid high level of DS to the rising edge of 
900 
RESET. 


lospw 
Pulse width high or low of DCD <1 :0> and DSR <1:0>. 
1,000 


tlHO 
Hold time provided by Dual UART from a valid IRQLN 
100 
Cl=50pF 
and IRQTxRx to a valid high level of IRQ. 


tlSU 
Setup time provided by Dual UART from a valid IRQLN 
100 
Cl=50pF 
and IRQTxRx to a valid low level of IRQ. 


tAES 
Pulse width low of RESET. 
1,000 


tTXSK 
Pulse width high or low provided by Dual UART on the 
250 
Cl =50pF 
TxD <1 :0> lines. At each baud rate, the actual pulse 
widths provided vary by tTXSK' 
This timing parameter 
should be used to determine cumulative reception/trans- 
mission errors. 


-Refer to Figure 9 for the load circuits used with these measurements. 
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Figure 
13 shows the input and output voltage waveforms 
for the propagation 
delay and setup 
and hold measure- 


ments. Figure 14 shows the waveforms 
for the three-state 


outputs 
measurement. 


FIGURE 13-COM78C802 
PROPAGATION 
DELAY 
AND SETUP AND HOLD VOLTAGE WAVEFORMS 


Your 
(AS MEASUREDI 
VOH -0.5 
V 
1.5 v 


OUTPUT 
VOL (NOTE 2) 


(D.DVI 


NOTES: 
1. 
INTERNAL 
CONDITIONS 
ARE SUCH THAT THE OUTPUT 
IS LOW EXCEPT WHEN 
DISABLED 
BY 
THE 
OUTPUT 
CONTROL 


2. 
tNTERNAl 
CONDITIONS 
ARE SUCH THAT THE OUTPUT 
IS HIGH EXCEPT WHEN 
DISABLED 
BY 
THE 
OUTPUT 
CONTROL 


3 
REFER TO FIGURE 9. A = 51 CLOSED. B •• 52 CLOSED. C = 51 AND 52 CLOSED 


STANDARD 
MICROSYSTEMS 


CORPORATIONYi 1,:~'~'l;,":':r;'!;~!';;: 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appii- 
cations: consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon- 
ductor devices described any license under the patent rights of SMC or others. SMC reserves the right to 
make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION4 
U 
COM78C804 


PRELIMINARY 


Four-channel Universal 
Asynchronous Receiver/Transmitter 
QuadUART 
I 


D Modem status change detection 
for Data Set Ready 


(DSR) and Data Carrier Detect (DCD) signals 


DCD: 
DSR2 


TXD2 


VOO 
oL, 
0L., 
oL, 
oL, 


ROY 
9 
AST 
10 


VSS¢ 
11 
cs 
12 
WR 
13 
5'§'= 
14 


DLl 
15 


OL2 
16 


DL, 
17 


DLI/> 18 
VOD 
19 
TXO¢ 
20 


DSA¢ 
21 
DeD¢ 
22 


RXD41 
23 


RXD, 
24 


48 
RXD2 


47 
RXD3 


46 
DCDl 


45 
DSA3 


44 
TXD3 


43 
vss, 


42 
eLK 


41 
MAST 


40 
ADD. 


39 
ADD] 
38 
5"§"= 


37 
ADO: 
36 
ADO, 


35 
AOD¢ 
34m 
33 
IRQTXAX 
32 
IRQlN, 
31 
IAOlN¢ 


30 
VDO 


29 
N/C 
28 
VSS2 
27 
TXD, 
26 
DSA, 


25 
OCD, 


D Programmable 
baud rates individually 
selectable 
for 


each line's transmitter/receiver 
(50 to 19,200 baud) 


D Summary 
registers that allow a single read to detect a 


data set change or to determine 
the cause of an inter- 


rupt on any line 


D Device scanner mechanism 
that reports interrupt 


request due transmitter/receiver 
interrupts 


D Independently 
programmable 
lines for interrupt-driven 


operation 


PACKAGE: 48·pin DIP 
x 
·must 
be connected 
together 


~"MN-~ 
~~~ 
~K? B gg ggl~ ~~lt 
0;2«««««- 
_ 


D Single 5V Power Supply 


D TTL Compatible 


VSS, 
TXD, 
DSR, 
DCD, 
RXD, 
RXD, 
DCD, 
DSR, 
TXD, 


DL, 
DL, 


393837363534333231 
3029 
40 
28 
41 
27 
42 
26 
43 
25 


44 
24 


1 
23 
2 
22 


3 
21 
4 
20 
5 
19 
6 
18 
7 8 9 1011 
121314151617 


VDD 
VSS, 
TXD, 
DSR, 
DCD, 
RXD, 
RXD, 
DCD, 
DSR, 
TXD, 
DL, 


D Compatible 
with SMC's COM7BCBOB 


and COM7BCB02 


The COM7BCB04 
Four-channel 
Asynchronous 
Receiver/ 


Transmitter 
(Quad UART) is a VLSI device for new gener- 
ations of asynchronous 
serial communication 
designs and 


for microcomputer 
systems. This device performs the basic 


operations 
necessary 
for simultaneous 
reception 
and 


transmission 
of asynchronous 
messages 
on four inde- 


pendent lines. Figure 1 is a functional 
block diagram of the 


COM7BCB04 
Quad UART. 


DSR' 
DCD' 


TxD2 


RxD2 
DSR2 
DCD2 


TxD3 


RxD3 
DSR3 
DCD3 
DATA 
SET 
CHANGE 
SUMMARY 
REGISTER 


Pin-PlCC 
Pin-DIP 
Signal 
Input/Output 
Definition/Function 


5-8,15-18 
5-8,15-18 
Dl<7:0> 
inpuVoutput 
Data lines <7:0>-Receives 
and transmits 
the parallel 
data. 


33-37 
35-37,39,40 
ADD<0:4> 
input 
Address<0:4>-Selects 
the internal 
registers 
in the Quad 


UART. 


12 
12 
CS 
input 
Chip select-Activates 
the Quad UART to receive 
and trans- 


mit data over the Dl <7:0> 
lines. 


14 
14,38 
OS 
input 
Data strobe-Receives 
timing 
information 
for data transfers. 


13 
13 
WR 
input 
Write-Specifies 
direction 
of data transfer 
on the Dl <7:0> 


lines. 


9 
9 
ROY 
output 
Ready-Indicates 
when the Quad 
UART is ready to partici- 


pate in data transfer 
cycles. 


10 
10 
RESET 
input 
Reset-Initializes 
the internal 
logic. 


38 
41 
MRESET 
input 
Manufacturing 
reset-For 
manufacturing 
use. 


39 
42 
ClK 
input 
Clock-Clock 
input for timing. 


3,20,25,42 
2,21,26,45 
DSR<3:0> 
inputs 
Data set ready-Monitor 
data set ready (DSR) 
signals 
from 


modems. 


2,21,24,43 
1,22,25,46 
DCD<3:0> 
inputs 
Data set carrier 
detect-Monitor 
data set carrier 
detect 


(DCD) signals 
from modems. 


32 
34 
IRQ 
output 
Interrupt 
request-Requests 
a processor 
interrupt. 


29,30 
31,32 
lRQlN<0:1> 
Dutput 
Interrupt 
request 
line number-Indicates 
the line number 
of 


originating 
interrupt 
request. 


31 
33 
IRQTxRx 
output 
Interrupt 
request 
transmiVreceive-lndicates 
whether 
an 


interrupt 
request 
is for transmitting 
or receiving 
data. 


4,19,26,41 
3,20,27,44 
TxD<3:0> 
outputs 
Transmit 
data-Provides 
asynchronous 
bit-serial 
data out- 


put streams. 


1,22,23,44 
23,24,47,48 
RxD<3:0> 
input 
Receive 
data-Accepts 
asynchronous 
bit-serial 
data input 


streams. 


28 
4,19,30 
Voo 
input 
Voltage-Power 
supply 
voltage 
+ 5 Vdc. 


11,27,40 
11,28,43 
Vss 
input 
Ground-Ground 
reference 


DATA AND ADDRESS 
Data lines 
(DL<7:0»- 
These lines are used for the par- 
Address 
(ADD<4:0»- 
These 
lines select 
which 
Quad 


allel transmission 
and reception 
of data between the CPU 
UART internal 
register 
is accessible 
through 
the data I/O 


and the Quad UART. The receivers are active when the data 
lines (OL <7:0» 
when the data strobe (OS) and chip select 
strobe (OS) signal is asserted. The output drivers are active 
(CS) signals are asserted. 
Table 2 lists the addresses 
cor- 


only when the chip select (CS) signal is asserted, 
the data 
responding 
to each register. The receiver buffer and trans- 


strobe (OS) signal is asserted, 
and the write (WR) signal is 
mitter holdiDgJegister 
for each line have the same address. 
deasserted. 
The drivers will become inactive (high-imped- 
When the (WR) signal is deasserted, 
the address accesses 


ance) within 50 nanoseconds 
when one or more of the fol- 
the receiver buffer register and when asserted, 
it accesses 
lowing occurs: 
the chip select 
(CS) signal is deasserted, 
the transmitter 
holding register. 
the data strobe (OS) signal is deasserted, 
or the write (WR) 


signal is asserted. 
• 
ADD 
Line- 
ReadlWrite 
Register 


<4> 
<3> 
<2> 
<1> 
<0> 


0 
0 
0 
0 
0 
Read 
Line 0 Receiver 
Buffer 


0 
0 
0 
0 
0 
Write 
Line 0 Transmitter 
Holding 


0 
0 
0 
0 
1 
Read 
Line 0 Status 
0 
0 
0 
1 
0 
ReadlWrite 
Line 0 Mode 
Registers 
1,2 
0 
0 
0 
1 
1 
Read/Write 
Line 0 Command 


0 
1 
0 
0 
0 
Read 
Line 1 Receiver 
Buffer 


0 
1 
0 
0 
0 
Write 
Line 1 Transmitter 
Holding 


0 
1 
0 
0 
1 
Read 
Line 1 Status 
0 
1 
0 
1 
0 
ReadlWrite 
Line 1 Mode Register 
1,2 


0 
1 
0 
1 
1 
ReadlWrite 
Line 1 Command 


1 
0 
0 
0 
0 
Read 
Line 2 Receiver 
Buffer 


1 
0 
0 
0 
0 
Write 
Line 2 Transmitter 
Holding 


1 
0 
0 
0 
1 
Read 
Line 2 Status 


1 
0 
0 
1 
0 
ReadlWrite 
Line 2 Mode Register 
1,2 


1 
0 
0 
1 
1 
ReadlWrite 
Line 2 Command 


1 
1 
0 
0 
0 
Read 
Line 3 Receiver 
Buffer 


1 
1 
0 
0 
0 
Write 
Line 3 Transmitter 
Holding 


1 
1 
0 
0 
1 
Read 
Line 3 Status 


1 
1 
0 
1 
0 
ReadlWrite 
Line 3 Mode Register 
1,2 


1 
1 
0 
1 
1 
ReadlWrite 
Line 3 Command 


X 
X 
1 
0 
0 
Read 
Interrupt 
Summary 


X 
X 
1 
0 
1 
Read 
Data Set Change 
Summary 


BUS TRANSACTION 
CONTROL 


Chip 
select 
(CS)- This signal 
is asserted 
to permit data 


transfers through the OL<7:0> 
lines to or from the internal 


registers. Oata transfer is controlled 
by the data strobe (OS) 


signal and write (WR) signal. 


Data strobe 
(DS)- 
This input receives timing information 


for data transfers. 
Ouring a write cycle, the CPU asserts the 


data strobe signal when valid Qutput data is available and 
deasserts the data strobe signal before the data is removed. 
Ouring a read cycle, the CPU asserts the data strobe signal 
and the Quad UART transfers the valid data. When the data 
strobe signal is deasserted, 
the OL<7:0> 
lines become a 


high impedance. 


Write (WR)- The write (WR) signal specifies 
the direction 


of data transfer 
on the OL<7:0> 
pins:JLthe 
WRsignal 
is 


asserted 
during 
a data transfer 
(the CS and OS signals 


assert~, 
the Quad UART is receiving data from OL<7:0>. 
If the WR signal is deasserted 
during a write data transfer, 
the Quad UART is driving data onto the OL<7:0> 
lines. 
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INTERRUPT 
REQUEST 


Interrupt 
request 
IRQ-The 
IRQ pin is an open drain out- 


put. The integral interrupt 
scanner 
asserts 
the IRQ signal 


when it has detected 
an interrupt 
condition 
on one of the 


four serial data lines. 


Interrupt 
Request 
transmit/receive 
(IRQTxRx)- 
This 


signal 
indicates 
when the interrupt 
scanner 
in the Quad 


UART 
stops 
and asserts 
IRQ because 
of a transmitter 


interrupt 
condition 
(the IRQTxRx 
signal 
is asserted) 
or 


because of a receiver interrupt condition 
(the IRQTxRx sig- 


nal is deasserted). 
The signal 
is valid only while 
IRQ is 


asserted. 
The state of IRQTxRx signal also appears as bit 


o of the interrupt summary 
register. 


Interrupt 
request 
line 
number 
(IRQLN<1 
:0»- 
These 


lines indicate 
the line number 
at which 
the Quad 
UART 


interrupt scanner stopped and asserted the interrupt request 
(IRQl.§lgnal. 
The number on these lines is valid only while 


the IRQ signal is asserted. 
Line IRQLN<1> 
is the high- 


order bit and the IRQLN<O> 
line is the low-order 
bit. The 


state of these signals also appears 
as bits in the interrupt 


summary 
register: IRQlN<1 
> as bit 2, and IRQlN<O> 
as 


bit 1. Table 3 shows the line numbers corresponding 
to set- 


tings of IRQlN<1 
:0>. 


TABLE 3-COM78C804 
INTERRUPT 
REQUEST 
LINE ASSIGNMENTS 


IRQ Line 
Line 


<1> 
<0> 


0 
0 
0 
0 
1 
1 


1 
0 
2 
1 
1 
3 


SERIAL DATA 
Transmit 
data 
(TxD<3:0»- 
These outputs 
transmit 
the 


asynchronous 
bit-serial data streams. They remain at a high 


level when no data is being transmitted and a low level when 
the TxBRK bit in the associated 
line's command 
register is 


set. 


Receive 
data 
(RxD<3:0»- 
These 
lines 
accept 
asyn- 


chronous 
bit-serial 
data streams. 
The input signals 
must 


remain in the high state for at least one-half 
bit time before 


a high-to-Iow 
transition 
is recognized. 
( A high-to-Iow 
tran- 
sition is required to signal the beginning 
of a "start" 
bit and 


initiate data reception). 


MODEM 
SIGNALS 


Data set ready 
(DSR<3:0»- 
These four input pins, one 


for each serial data line on the COM78C804, 
are typically 


connected 
via intervening 
level converters 
to the data set 


ready outputs of modems. 
A TTl 
low at a DSR pin causes 


the DSR bit (bit 7) in the corresponding 
line's status reg- 
ister to be asserted. 
A TTl 
high at a DSR pin causes the 


DSR bit in the corresponding 
line's status 
register 
to be 


deasserted. 
A change of this input from high-to-Iow, or low- 


to-high, 
causes 
the assertion 
of the data 
set change 


(DSCHNG) 
bit that corresponds 
to this line in the data set 


change 
summa,ry register. Changes 
from one state to the 


other and back again that occur within one microsecond 
may not be detected. 


Carrier 
detect 
(DCD<3:0»- 
These four input pins, one 
for each serial data line of the Quad 
UART, are typically 


connected 
through 
intervening 
level converters 
to the 


received 
line signal detect (also called carrier detect) out- 


puts of modems. 
A TTl 
low at a DCD pin causes the DCD 


bit of the corresponding 
line's status register to be deas- 


serted. A change 
of this input from high-to-Iow, 
or low-to- 


high, 
causes 
the 
assertion 
of the 
data 
set 
change 
(DSCHNG) 
bit corresponding 
to this line in the data set 


change summary 
register. Changes 
from one state to the 


other and back again that occur within one microsecond may 
not be detected. 


GENERAL 
CONTROL 
SIGNALS 


Ready (RDY)- The RDY pin is an open drain output. Upon 
detecting a negative transition of chip select (CS), the Quad 
UART asserts the RDY signal to indicate readiness to take 
part in data transferJ;Y,cles. The RDY signal deasserts 
after 


the trailing edge of CS. 


Reset (RESET)-When 
the RESET 
input in asserted, 
the 


TxD<3:0> 
lines are asserted 
and all internal 
status bits 


listed in the "Architecture Summary" discussion are cleared. 


Manufacturing 
reset (MRESET)- 
This signal is for man- 


ufacturing 
use only and the input should be connected 
to 


ground for normal operation. 


MISCELLANEOUS 
SIGNALS 


Clock 
in (CLK)-AII 
baud 
rates and internal 
clocks 
are 


derived from this input. Normal operating frequency is 4.9152 
MHz ±0.1 percent and duty cycle is 50 percent ±5 percent. 


POWER AND GROUND 


Voltage 
(Voo)-Power 
supply 5 Vdc 


Ground 
(Vss)-Ground 
reference 


ARCHITECTURE 
SUMMARY 
The Quad UART functions 
as a serial-to-parallel, 
parallel- 


to-serial 
converter/controller. 
It can be programmed 
by a 


microprocessor 
to provide different characteristics 
for each 


of its four serial data lines (stop bits, parity, character length, 
split baud rates, etc.) 
Each serial line functions 
the same as a one-line 
UART- 


type device thereby reducing the number of chips and con- 
serving space on communication 
devices that require mul- 


tiple communications 
lines. 


An integral 
interrupt 
scanner 
checks 
for device 
interrupt 


conditions 
on the four lines. Its scanning 
algorithm 
gives 


priority to receivers over transmitters. 
The scanner can also 
check for interrupts 
resulting from changes 
in modem con- 


trol signals DSR and DCD. 


Line-specific 
Registers 
Each of the four serial data lines in the Quad UART has a 
set of registers for buffering data into and outofthe 
line and 


for external control of the line's characteristics. 
These reg- 


isters are selected 
for access 
by setting 
the appropriate 


address on lines ADD<4:0>. 
Lines ADD<4:3> 
select one 


of the four data lines. Lines ADD<2:0> 
select the specific 


register for that line. Refer to Table 2 for the register address 
assignments. 


Receiver 
buffer 
register-Each 
line's receiver consists 
of 


a character 
assembly 
register and a two-entry 
FIFO that is 


the receiver buffer register. When the RxEN bit in a line's 
command 
register 
is set, received 
characters 
are moved 


automatically 
into the line's receiver buffer as soon as they 


have been deserialized 
from the associated 
communica- 
tions 
line. When 
there 
are characters 
in this FIFO, the 


RxRDY bit is set in the status regisier for the line. 
The assertion 
of the RxRDY signal for a line that already 


has the RxlE bit of its command 
register 
set causes 
the 


interrupt 
scan~ogic 
to stop and generate 
an interrupt 


condition 
(the IRQ signal is asserted). 
When the receiver 


buffer is read, the interrupt condition is cleared (the IRQ sig- 
nal is deasserted) 
and the interrupt 
scanner 
resumes 


operation. 
If there is another 
entry 
in a line's 
FIFO, the RxRDY 
bit 


remains asserted. When the interrupt scanner reaches this 
line again, the assertion 
of RxRDY causes the scanner to 


halt and assert the IRQ again. 
Asserting 
the RESET signal or clearing 
the RxEN bit ini- 


tializes the receiver logic of Quad UART. The RxRDY flag 
is cleared and the receiver buffer register outputs become 
undefined. 
Any data in the FIFO at that time is lost. 


Transmitter 
holding 
register-Each 
line has a writable 


transmitter 
holding register. When the TxEN bit in the line's 
command 
register is set, characters 
are moved automati- 
cally from the output of this register into the transmitter 
seri- 


alization logic whenever the serialization logic becomes idle. 
When this register is empty, the TxRDY bit in the line's sta- 
tus register is set. If the transmitter 
interrupt enable (TxIE) 


bit in the line's command 
register is also set, the interrupt 
scanner logic halts and generates 
an interrupt condition. 
If 
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a character 
is then loaded into the register, the interrupt 
is 
cleared and the scanner 
resumes operation. 


Assertion of the RESET signal initializes the transmitter logic 
of the Quad 
UART. The TxRDY 
flag is cleared 
and the 
transmitter 
holding register's 
contents 
are lost. The trans- 
mitter enable 
(TxEN) bit in the line's command 
register is 
also cleared by RESET. 
If at the end of the reset process, 


the TxEN is reasserted 
and TxRDY bit is reasserted. 
Soft- 
ware clearing of TxEN alone produces results different from 
the full RESET in that the transmitter 
holding register's con- 
tents are not lost; they are transmitted 
when TxEN is set 
again. 


Status 
register-Each 
line has a read-only 
status register 
that provides information about the current state of the given 
line. This register indicates 
a line's readiness 
for transmis- 


sion or reception of data and flags error conditions 
in its bit 


fields. Figure 3 shows the format of the status register. Table 
3 lists the flag bits in each status register. 


DSR 
oeD 


FER 


ORR 


PER 
TxEMT 


RxADY 


TxADY 
I 
FIGURE 3: COM78C804 
STATUS REGISTERS 
(LINE 0-3) FORMAT 


Bit 
Description 


7 
DSR (Data set ready)- 
This bit is the inverted 
state of the DSR line. 


G 
DCD (Data set carrier 
detect)- 
This bit is the inverted 
state of the DCD line. 


5 
FER (Frame 
error)-Set 
when the received 
character 
currently 
displayed 
in the receiver 
buffer 
register 
was not 


framed 
by a stop bit. Only the first stop bit is checked 
to determine 
that a framing 
error exists. 
Subsequent 


reading 
of the receiver 
buffer 
register 
that indicates 
all zeros (including 
the parity bit, if any) can be interpreted 


as a Break condition. 
This bit is cleared 
by clearing 
RxEN (bit 2) of the command 
register, 
by asserting 
the 


RESET 
input, or by setting 
the reset error RERR 
(bit 4) of the command 
register. 


4 
ORR (Overrun 
error)-Set 
when the character 
in the receiver 
buffer register 
was not read before 
another 
char- 
acter was received. 
Cleared 
by clearing 
RxEN (bit 2) of the command 
register, 
by asserting 
the RESET 
input, 


or by setting 
reset error RERR (bit 4) of the command 
register. 


3 
PER (Parity error)-If 
parity is enabled 
and this bit is set, the received 
character 
in the receiver 
buffer 
register 
has an incorrect 
parity bit. This bit is cleared 
by clearing 
RxEN (bit 2) of the command 
register, 
by asserting 
the 


RESET 
input, by setting 
reset error RERR (bit 2) of the command 
register, or by reading 
the current 
character 
in the receiver 
buffer 
register. 


2 
TxEMT 
(Transmitter 
empty)-Set 
when the transmitter 
serialization 
logic for the associated 
line has completed 


transmission 
of a character, 
and no new character 
has been loaded 
into the transmitter 
holding 
register. 


Cleared 
by loading 
the transmitter 
holding 
register, by clearing 
TxEN 
(0) of the command 
register, 
or by assert- 
ing the RESET 
input. 


1 
RxRDY 
(Receiver 
buffer 
ready)-When 
set, a character 
has been loaded 
into the FIFO buffer from the deserial- 


ization 
logic. Cleared 
by reading 
the receiver 
buffer 
register, by clearing 
RxEN (bit 2) in the command 
register, 


or by asserting 
the RESET 
input. 


0 
TxRDY 
(Transmitter 
holding 
register 
ready)-When 
set, this bit indicates 
that the transmitter 
holding 
register 
is 


empty. Cleared 
when the program 
has loaded a character 
into the transmitter 
holding 
register, 
when the trans- 


mitter for this line is disabled 
by clearing 
TxEN (bit 0) in the command 
register, or by asserting 
the RESET 
input. This bit is initially 
set when the transmitter 
logic is enabled 
by the setting 
of TxEN 
(bit 0) and the transmit- 


ter holding 
register 
is empty. This bit is not set when the automatic 
echo or remote 
loopback 
modes 
are pro- 


grammed. 
Data can be overwritten 
if a consecutive 
write is performed 
while TxRDY 
is cleared. 


Mode registers 
1 and 2- These read/write 
registers con- 


trol the attributes (including parity, character length, and line 
speed) of the communications 
line. 
Each of the four communications 
lines has two of these reg- 


isters, both accessed 
by the same address on ADD<4:0>. 


Successive 
access operations 
(either read or write, in any 


combination) 
alternate 
between 
the two registers 
at that 


address 
by use of an internal 
pointer. The first operation 


addresses 
mode register 1, the next address mode register 


2, and another after that would recycle the pointer to mode 
register 1. The pointer is reset to point to mode register 1 by 
RESET or by a read of the command 
register for this line. 
These 
registers 
should 
not be accessed 
by bit-oriented 


instructions 
that do read/modify/write 
cycles such as the 


PDP-11 BIS, BIC, and BIT instructions. 
Figure 4 shows the format of mode registers 1 and Table 5 
describes 
the function of the register information. 


$TOP---- 


PAR 
CTRL 
------ 


CHAR 
LENGTH 
--------- 


RSRV 
MCIE 


FIGURE 4-COM78C804 
MODE 
REGISTERS 
1 (LINE 0-3) FORMAT 


Bits 
Stop 
Bits 


7 
6 
0 
0 
Invalid 
0 
1 
1.0 
1 
0 
1.5 
1 
1 
2.0 


5,4 
PAR CTRL 
(Parity 
control)- 
These 
bits determine 
parity 
as follows 
and are cleared 
by asserting 
the RESET 
input. 
X = either 
1 or O. 


Bits 
Parity Type 
5 
4 


1 
1 
Even 
0 
1 
Odd 


X 
0 
Disabled 


3,2 
CHAR 
LENGTH 
(Character 
length)- 
These 
bits determine 
the length 
(excluding 
start bit, parity, 
and stop 
bits) of the characters 
received 
and sent. Received 
characters 
of less than 8 bits are "right 
aligned" 
in the 


receiver 
buffer 
with unused 
high-order 
bits equal to zero. Parity 
bits are not shown 
in the receiver 
buffer. 
The 


character 
length 
bits are cleared 
by asserting 
the RESET 
input. The character 
length 
bits are defined 
as 


follows: 
Bit 
Bit Length 
3 
2 
0 
0 
5 
0 
1 
6 


1 
0 
7 


1 
1 
8 


1 
RSRV 
(Reserved 
and cleared 
by asserting 
the RESET 
input.) 


0 
MCIE 
(Modem 
control 
interrupt 
enable)-When 
set and RxlE 
(bit 5) of the command 
register 
is set, the 


modem 
control 
interrupts 
are enabled. 
Refer to the Interrupt 
Scanner 
and Interrupt 
Handling 
information. 


Cleared 
by asserting 
the RESET 
input. 


Figure 5 shows the format of mode registers 
2 and Table 


5 indicates 
the baud rate selections 
of the register. Bits 7 


through 
4 of the mode 
register 
2 control 
the transmitter 


baud rate and bits 3 through 
0 control the receiver baud 


rate. These registers are cleared by asserting RESET input. 


Command register-These 
read/write 
registers 
control 


various functions 
on the selected 
line. Figure 6 shows the 


format 
of the command 
registers 
and Table 6 describes 


the function 
of the register 
information. 


FIGURE 5-COM78C804 
MODE 


REGISTERS 
2 (LINE 0-3) FORMAT 
FIGURE 6-COM78C804 
COMMAND 


REGISTERS 
(LINE 0-3) FORMAT 


Bit 
Description 


7:0 
XMIT RATElRECV RATE (Transmitter/Receiver Rate)-Selects the baud rate of the transmitter (bits 7:4) and 
receiver (bits 3:0) as follows: 
Error' 
Transmitter 
Bits 
Receiver Bits 
Nominal 
Actual 
7 
6 
5 
4 
3 
2 
1 
0 
Rate 
Rate 
(percent) 
0 
0 
0 
0 
0 
0 
0 
0 
50 
same 
- 
0 
0 
0 
1 
0 
0 
0 
1 
75 
same 
- 
0 
0 
1 
0 
0 
0 
1 
0 
110 
109.09 
0.826 
0 
0 
1 
1 
0 
0 
1 
1 
134.5 
133.33 
0.867 
0 
1 
0 
0 
0 
1 
0 
0 
150 
same 
- 
0 
1 
0 
1 
0 
1 
0 
1 
300 
same 
- 
0 
1 
1 
0 
0 
1 
1 
0 
600 
same 
- 
0 
1 
1 
1 
0 
1 
1 
1 
1200 
same 
- 
1 
0 
0 
0 
1 
0 
0 
0 
1800 
1745.45 
3.03 
1 
0 
0 
1 
1 
0 
0 
1 
2000 
2021.05 
1.05 
1 
0 
1 
0 
1 
0 
1 
0 
2400 
same 
- 
1 
0 
1 
1 
1 
0 
1 
1 
3600 
3490.91 
3.03 
1 
1 
0 
0 
1 
1 
0 
0 
4800 
same 
- 
1 
1 
0 
1 
1 
1 
0 
1 
7200 
6981.81 
3.03 
1 
1 
1 
0 
1 
1 
1 
0 
9600 
same 
- 
1 
1 
1 
1 
1 
1 
1 
1 
19200 
same 
- I 


'The frequency of the clock input (CLK) is 4.9152 MHz. The clock input may vary by 0.1 percent. This variance results in an error 
that must be added to the error listed. 


Bit 
Description 


7,6 
OPER MODE (Operating mode)- These bits control the operating mode of the channel as follows. These 
bits are cleared by asserting the RESET input. 
Bit 
Operating Mode 
7 
6 
0 
0 
Normal operation 
0 
1 
Automatic echo 
1 
0 
Local loopback 
1 
1 
Remote loopback 


5 
RxlE (Receiver interrupt enable)-When set, the RxRDY flag (bit 1) of the status register for this line will 
generate an interrupt. 


4 
RERR (Reset error)-When set, this bit clears the framing error, overrun error, and parity error of the status 
register associated with this line. This bit is cleared by asserting the RESET input (not self-clearing). 


3 
TxBRK (Transmit break)-When set, this bit forces the appropriate TxD<3:0> 
line to the spacing state at the 


conclusion of the character presently being transmitted. When the program clears this bit, normal operation 
is restored, and any character pending in the transmitter holding register is moved into the serialization logic 
and transmitted. The minimum break length obtainable is twice the character length plus 1 bit time. The 
maximum break length depends on the amount of time between the program setting and clearing this bit, 
but is an integral number of bit times. This bit is cleared by asserting the RESET input. 


2 
RxEN (Receiver enable)-When set, this bit enables the receiver logic. When cleared, it stops the assem- 
bling of the received character, clears all receiver error bits and the RxRDY (bit 1) of the status register, 
clears any receiver interrupt conditions associated with this line, and initializes all receiver logic. This bit is 
cleared by asserting the RESET input. 


1 
TxlE (Transmit interrupt enable)-When set, the state of the associated TxRDY flag (bit 0) of the status reg- 
ister is made available to the interrupt scanner logic. When the interrupt scanner logic scans this line, it 
determines if the TxRDY flag is asserted and generates an interrupt by asserting the IRQ signal. 


0 
TxEN (Transmitter enable)-When 
set, this bit enables the transmitter logic. When cleared, it inhibits the 
serialization of the characters that follow but the serialization of the current character is completed. It also 
clears the TxRDY flag (bit 0) of the status register, clears any transmitter interrupt conditions associated with 
this line, and initializes all transmitter logic except that associated with the transmitter holding register. The 
character in the transmitter holding register is retained so that XON/XOFF situations can be properly pro- 
cessed. This bit is cleared by asserting the RESET input. 


Bits 5 through 0 enable the line's receiver and transmitter, 
enable 
handling 
of interrupts, 
initiate the transmission 
of 
break characters, 
and reset error bits for the line. Refer to 


"Interrupt 
Scanner" 
and "Interrupt 
Handling" 
paragraphs 


for detailed 
interrupt 
information. 
Bits 7 and 6 control the 


operating 
mode of the line. The four modes that can be 


set are: 


o Normal 
operation-The 
serial data received 
is assem· 


bled in the receiver logic and transferred 
in parallel to the 
receiver buffer register. (The RxEN bit must be set.) Data 
to be transmitted 
is loaded in parallel into the transmitter 
holding 
register, then automatically 
transferred 
into the 
transmitter 
logic and serialized 
for transmission. 
(The 
TxEN bit must be set.) 


o Automatic 
echo-The 
serial data received is assembled 


into parallel 
in the receiver logic (the RxEN bit must be 


set) and transferred 
to the receiver buffer register. Arriv- 
ing serial data is also routed to the line's TxD<n> 
pin for 


serial output. TxEN is ignored and the transmitter 
logic 


is disabled. 
TxRDY 
flags 
and TxEMT 
indications 
are 
cleared. No transmitter 
interrupts 
are generated. 


o Localloopback- 
The serial data from the RxD<n> 
input 
is ignored and the receiver serial input receives data from 
the transmitter 
serial output. The data is assembled 
into 
parallel form in the receiver logic (the RxEN bit must be 
set) and transferred 
to the receiver buffer register where 


it can be read by the program. 
Data to be transmitted 
to 
the receiver is loaded in parallel form into the transmitter 
holding register from which it is automatically 
moved into 


the transmitter 
logic and serialized for transmission. 
(The 


TxEN bit must be set.) The transmission 
goes only to the 


receiver serial input; the TxD<n> 
output is held high. As 


in normal 
operation, 
transmission 
and reception 
baud 


rates are controlled by the transmitter speed and receiver 
speed entries in mode register 2. 


o Remote 
loopback- 
The serial 
data 
received 
on the 
RxD<n> 
line is returned 
to the TxD<n> 
line without 


further 
action. 
No data is received 
or transmitted. 
The 
RxRDY, TxRDY, 
and TxEMT 
flags 
are disabled. 
The 


TxEN and RxEN bits of the command 
register are held 


cleared, causing the transmitter 
and receiver logic to be 


disabled. 


SUMMARY 
REGISTERS 


The Quad UART contains two registers that summarize 
the 


current status of all four serial data lines, making it possible 
to determine 
that a line's status has changed with a single 


read operation. 
These registers are selected for access by 


setting 
the appropriate 
address 
on pins 
ADD 
<2:0>. 


Because 
the registers 
are shared by four serial lines, the 


line-selection 
bits (ADD <4:3» 
are ignored when these 


registers 
are accessed. 
Refer to "Interrupt 
Scanner 
and 


Interrupt Handling" 
for detailed interrupt information. 


Interrupt 
summary 
register-This 
read-only 
register indi- 


cates that a transmitter 
or receiver interrupt condition 
has 


occurred, 
and indicates the line number that generated 
the 


interrupt. 
Figure 7 shows the format of the interrupt 
sum- 


mary register and Table 8 describes 
register information. 


FIGURE 7- COM78C804 
INTERRUPT 
SUMMARY 
REGISTER 
FORMAT 


Bit 
Description 


7 
IRQ (Interrupt request)-When set, this bit indicates that the interrupt scanner has found an interrupting con- 
dition among the four serial lines of the Quad UART. These conditions also result in the Quad UART assert- 
ing the IRQ signal. 


6:4 
RAZ (Read as zero)-Not used 


3:1· 
INT LINE NO (Interrupting line number)- These bits indicate the line number upon which an interrupting con- 
dition was found. These bits correspondto the IRQLN <1 :0> signals-bit 2= IRQLN<l >, and bit 1= IRQLN<O>. 
Refer to Table 3. 
O· 
Tx/Rx (TransmiVreceive)- This bit indicates whether the interrupting condition was caused by a transmitter (TxI 
Rx equals 1) or a receiver (TxlRx equals 0). This bit corresponds to the IRQTxRx signal of the Quad UART 
and is set when IRQTxRx is asserted. 


Data set change 
summary 
register-When 
the DSR or 
DCD inputs that are associated 
with a line change 
state, 
the bit corresponding 
to that line in this read-only 
register 


is set. The current state of the DSR and DCD inputs can 


FIGURE 8-COM78C804 
DATA SET CHANGE 
SUMMARY 
REGISTER FORMAT 


then be obtained from that line's status register. If the state 
of a line changes twice within one microsecond, the change 
in state may not be detected. 
Figure 8 shows the format 


of the data set change 
summary 
register. 


When the MCIE bit in a line's mode register 
1 is set and 


RxlE 
IS also set, the modem control interrupts 
are enabled 


for that line. If DSCHNG for that line is then set, the interrupt 
scanner 
will halt and assert the IRQ signal. The data set 


change summary 
register bits are cleared by writing a 1 into 


the' bit position. A program that uses this register should read 
and save a copy of its contents. 
The copy can then be writ- 


ten back to the register to clear the bits that were set. The 
system interrupts 
should be disabled and writeback 
should 


directly follow the read operation. 


Assertion 
of the RESET signal disables 
and initializes the 


data set change 
logic. When the RESET signal 
is deas- 


serted, 
future changes 
in DSR and DCD are reported 
as 


they occur. 
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INTERRUPT 
SCANNER 
AND INTERRUPT 
HANDLING 


The interrupt 
scanner 
sequentially 
checks each line for a 


receive 
interrupt 
and then checks 
each one in the same 


order for a transmitter 
interrupt. 
If the scanner detects an 


interrupt condition, 
it stops and the IRQ signal is asserted. 


An interrupt must be serviced 
by software or no other inter- 


rupt request can be posted. 
The scanner determines 
that a line has a receiver interrupt 


if the line's receiver buffer is ready and receiver interrupts 
are enabled for that line (RxRDY and RxlE = 1) or either of 
the line's modem status signals has changed state and both 
receiver and modem control interrupts 
are enabled for that 


line (DSCHNG 
and RxlE and MCIE = 1). 


The scanner determines 
that a line has a transmitter 
inter- 


rupt if the line's transmitter 
holding the register is empty and 


transmitter 
interrupts 
are enabled for that line (TxRDY and 
TxIE= 
1). 


When the scanner 
detects 
an interrupt, 
it reports the line 


number 
on the IRQ<1 :0> 
lines. The IRQTxRx 
signal 
is 


asserted 
for a transmitter 
interrupt 
and deasserted 
for a 


receiver interrupt. The appropriate 
bits are also updated in 


the interrupt summary 
register. The IRQ line is deasserted 


and the scanner 
is restarted for each of the following three 


types of interrupt conditions. 
o Reading 
the receiver buffer or resetting 
the RxlE bit of 


the interrupting 
line for the first type of receiver interrupt 


previously 
described. 


o Resetting 
the MCIE, RxIE, or DSCHNG 
bit of the inter- 


rupting line for the second type of receiver interrupt pre- 
viously described. 


o Loading the transmitter 
holding register or resetting the 


TxlE bit of the interrupting 
line for transmitter 
interrupts. 


If the scanner was originally stopped by a receiver interrupt 
condition, 
the scanner 
resumes sequential 
operation 
from 


where it stopped, thus providing 
receivers with equal prior- 


r 


ity. If the scanner 
was stopped 
by a transmitter 
condition, 


the scanner restarts from position 0 (line O's receiver), thus 
giving receivers priority over transmitters. 


EDGE-TRIGGERED 
AND LEVEL-TRIGGERED 
INTER- 


RUPT SYTSTEMS 
If the interrupt 
system of the Quad UART is used only for 


generating 
interrupts 
for the RxRDY and/or TxRDY flags, 


the IRQ line can be connected 
to a processor 
having either 


edge-triggered 
or level-triggered 
interrupt capability. 
If the 


modem 
control 
interrupts 
are being used (MCIE in mode 


register 1 = 1), the IRQ line can be connected 
only to a pro- 


cessor that uses level-triggered 
interrupts. I 
MODEM HANDLING 


The TxEMT (transmitter 
empty) bit of the status register is 


typically 
used to indicate when a program 
can disable the 


transmission 
medium, as when deasserting 
the request-to- 


send line of a modem. 
A typical 
program 
will load the last 


character 
for transmission 
and then monitor the TxEMT bit 


of the status register. 


The assertion 
of the TxEMT bit to indicate the transmission 


is complete 
may occur a substantial 
time after the loading 


of the last character. After the last character 
is loaded, one 


character 
is in the transmitter 
holding 
register 
and one 


character 
is in the serialization 
logic. Therefore, 
it will be 


two character 
times 
before 
the transmission 
process 
is 


completed. 
Waiting for the TxRDY signal to assert before 


monitoring 
the TxEMT status shortens 
this by one charac- 
ter time because the TxRDY status bit indicates 
that there 


are no characters 
in the transmitter 
holding 
register. The 


times involved are calculated 
by taking the reciprocal 
of the 


baud rate being used, multiplying 
by the number of bits per 


character 
(a starter bit-5,6,7, 
or 8 data bits; plus parity bit 


if enabled; and 1,1.5, or 2 stop bits), and multiplying by either 
two characters 
or one, depending 
on when TxEMT 
moni- 


toring begins. 
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Positive 
Voltage 
on any 1/0 Pin, with respectto 
ground 
Vcc + 0.3V 
Negative 
Voltage 
on any 1/0 Pin, with respect 
to ground 
...........•..........................•.......................... 
- 0.3V 
Maximum 
Vcc 
..............................................•.....•...........•..•........•.....•.............•.......... 
+ 7V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 


be exceeded 
or device 
failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 
is switched 
on and oil. 
In addition, 
voltage 
transients 
on the AC power 
line may appear 
on the DC output. 
For example, 
the bench 
power supply 
programmed 
to deliver 
+5 
volts may have large voltage 
transients 
when 
the AC power 
is switched 
on and off. If this 
possibility 
exists 
it is suggested 
that a clamp circuit 
be used. 


Symbol 
Parameter 
Test Condition 
Requirements 
Units 
Min. 
Typ. 
Max. 


V,H 
High-level 
input voltage 
2.0 
V 


V~ 
Low-level 
input voltage 
0.8 
V 


VQH 
High-level 
output 
voltage 
Voo=Min. 
2.4 
V 
10H= 3.5 mA for DL <7:0> 
IOH= 2.0 mA for all 
remaining 
output 
except 
IRQ 
and RDY 


VOL 
Low-level 
output 
voltage 
Voo=Min. 
0.4 
V 
10L= 5.5 mA for DL <7:0> 
10L= 3.5 mA for all remaining 
outputs 


I'H 
Input current 
at maximum 
Voo=Max. 
10 
~A 
input voltage 
V, = Voo(Max.) 


I'L 
Input current 
at miminum 
Voo=Max. 
-10 
~A 
input voltage 
V,=O.OV 


los' 
Short-circuit 
output 
Voo=Max. 
-50 
-180 
mA 
current 
for DL <7:0> 
all 
remainin9..Qlliputs 
except 
IRQandRDY 
-30 
-110 
mA 


IOZL2 
Three-state 
output 
Voo=Max. 
10 
~A 
current 
Vo=O.4V 


loZtl 
Three-state 
output 
Voo=Max. 
10 
~A 
current 
Vo=2.4V 


100 
Supply 
current 
Voo=Max. 
20 
mA 
TA=O° 


Co, 
Input capacitance 
4 
pF 


C103 
InpuVoutput 
capacitance 
5 
pF 


'No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second. 
'All three-state output drivers are wired in an 1/0 configuration. The parameters include the driver and input receiver leakage currents. 
'The parameters include the capacitive loads of the output driver and the input receiver. 


TIMING PARAMETERS 
11 shows 
the signal 
timing 
for a write 
cycle 
to transfer 
infor- 
Figure 
10 shows 
the signal 
timing 
for a read cycle 
to transfer 
mation 
from 
the processor 
to the Quad 
UART. 
Table 
11 lists 
information 
from 
the 
Quad 
UART 
to the 
processor. 
Figure 
the timing 
parameters 
for the 
read 
and 
write 
cycles. 
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DS 


tOPWH 


ADD < 4:0> 


lAHO 


WR 
I 


OS 


1CHO 


RDY 


tROH~ 


Dl<7:0> 


tDOLZ,l.o0HZ 


iAO 


FIGURE 11-COM78C804 
BUS WRITE CYCLE TIMING 
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Symbol 
Definition 
Requirements 
(ns) 
Load 


Min. 
Max. 
Circuit' 


tAHO 
Hold time of a valid AOO <4:0> 
to a valid high level of 
OS. 
10 


tASU 
Setup 
time of a valid AOO <4:0> 
to the falling 
edge of 
OS. 
30 


tCHO 
Hold time of a valid low level of CS to a valid high level of 
OS. 
10 


tcsu 
Setup 
time of a valid low level of CS to the falling 
edge of 
OS. 
30 


too 
PropM@tion 
delay 
of a valid low level on OS (if CS is low 


and WR is high) to valid high or low data on OL <7:0>. 
165 
CL=150pF 


tODl,Z2 
PropM@tion 
delay 
of a valid high level on OS (if CS is low 
and WR is high) to OL <7:0> 
output 
drivers 
disabled. 


tODLZ 
50 
CL =50pF 


tOOHZ 
50 
CL =50pF 


tODU 
60 
CL = 100pF 


tOOHZ 
60 
CL=100pF 


tooLZ 
65 
CL = 150pF 
tOOHZ 
65 
CL = 150pF 


tOOZL 
PropM@tion 
delay 
of a valid low level on OS (if CS is low 


and WR is high) to OL <7:0> 
output 
driver 
enabled. 


tOOZL 
165 
CL = 150pF 


tOOZH 
0 
165 
CL = 150pF 


tOF 
Hold time provided 
during 
a read cycle by Quad 
UART of 


val~high 
or low data on OL <7:0> 
after the rising edge 


of OS.' 
0 


tOHO 
Hold time of a valid OL <7:0> 
to a valid high level of OS. 
30 


tOPWH 
Pulse width 
high of OS. 
450 


tOPWlA 
Pulse width 
low of OS when 
WR is high (read operation). 
Refer to timing 
parameter 
toewLwalso. 
180 
10,000 


tOPWLW 
Pulse width 
low of OS when 
WR is low (write operation). 
Refer to timing 
parameter 
toewLRalso. 
130 
10,000 


tosu 
Setup 
time of a valid 
OL <7:0> 
to the rising 
edge of OS. 
50 


t103 
Propagation 
delay~a 
valid low level on OS (if CS is low) 


to a high level on IRQ. 
635 
CL =50pF 


tROH4 
Propagation 
~ 
of a valid high level of CS to a valid 
high level on ROY. 
210 
CL =50pF 


tADl 
Propagation 
delay 
of a valid low level on CS to a valid 


low level on ROY. 
90 
CL=50pF 


tWHO 
Hold timjL9f 
a valid high or low level of WR to a valid high 
level of OS. 
10 


twsu 
Setup 
time of a valid high or low level of WR to the falling 


edge 
of OS. 
30 


'Refer to Figure 9 for the load circuils used with these measurements. 
'The tOOL2and tOOHZ 
parameters are measured wilh CL= 150 pF. The values of tOOL2 
and tOOH'for CL= 50pF and CL= 100 pF have been derived for user 
convenience. 
'Tolal rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t,oparameter can be calculated 
by the following: I,D= 500 + RCLwhere R = value of Ihe resistor that connects to capacitor CL in load A, Figure 9. 
'Total rise time depends on internal delay plus the pUliup delay introduced by Ihe external resistor being used. The tROHparameter can be calculated 
by Ihe fOllowing: tROH= 75 + RCL where R = value of the resistor that connects to capacitor CL in load A, Figure 9. 


Figure 
12 shows 
the 
signal 
timing 
for the clock 
input, 
inter- 


rupt 
timing, 
effect 
of the 
RESET 
input 
on data 
strobe, 
data 


set 
carrier 
detect 
(DCD) 
and 
data 
set 
ready 
(DSR) 
input 
132 


timing, 
and the transmit 
data 
outputtiming. 
Table 
11 lists the 


timing 
parameters 
for Figure 
12. 


eLK 


CLOCK 


IROLN <. 10 > lAOTxAK 


t"J 
11.-,"] 


IRQ 
I 


INTERRUPT 


RESET1 


IRES 
:~, 


os 
II· 
1\ 
tOASU 
IDRHO 
. 


oeD DSA<30> 
~_---V-A-L1-D 
DCD DSRDATA 
D< 


I 
lDSPW----_.I~----------- 


't=<TXSK----iL 
'TXSK=1-------;-- 


Symbol 
Definition 
Requirements 
(ns) 
Min. 
Load Circuit' 


tcp 
Period of CLK. 
203.45 (4.9152 MHz) 


tCPWH 
Pulse width high of CLK. 
95 


lcew, 
Pulse width low of CLK. 
95 


tORHO 
Hold time of a valid high level of DS to a valid high level 
1,000 
of RESET. 


tOASU 
Setup time of a valid high level of DS to the rising edge of 
900 
RESET. 


tospw 
Pulse width high or low of DCD <3:0> 
and DSR <3:0>. 
1,000 


tlHO 
Hold time provided by Quad UART from a valid IRQLN 
100 
C,=50pF 


<1 :0> and IRQTxRx to a valid high level of IRQ. 


tlSU 
Setup time provided by Quad UART from a valid IRQLN 
100 
C,=50pF 


<1 :0> and IRQTxRx to a valid low level of IRQ. 


tAES 
Pulse width low of RESET. 
1,000 


tTXSK 
Pulse width high or low provided by Quad UART on the 
250 
C,=50pF 


TxD <3:0> 
lines. At each baud rate, the actual pulse 
widths provided vary by tTKSK' 
This timing parameter 
should be used to determine cumulative reception/trans- 
mission errors. 


'Refer to Figure 9 for the load circuits used with these measurements. 
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FIGURE 13-COM78C804 
PROPAGATION 
DELAY 
AND SETUP AND HOLD VOLTAGE WAVEFORMS 
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2.0V 
d\JTPUT 
CONTROL 
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OUTPUT 
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2) 
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NOTES. 
1. 
INTERNAL 
CONDITIONS 
ARE SUCH THAT THE OUTPUT 
IS lOW 
EXCEPT WHEN 
DISABLED 
BY 
THE OUTPUT 
CONTROL. 


2. 
INTERNAL 
CONDITIONS 
ARE SUCH THAT THE OUTPUT 
IS HIGH EXCEPT WHEN 
DISABLED 
BY 
THE 
OUTPUT 
CONTROl. 


3 
REFER TO FIGURE g. A = S1 CLOSED. 
B : 
52 CLOSED. C = 51 AND 52 CLoseD 


STANDARD 
MICROSYSTEMS 
Circuit 
diagrams 
utilizing 
SMC 
products 
are included 
as a means 
of illustrating 
typical 
semiconductor 
appli- 
CORPOR 
I\TlnAI 
cations: 
consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. 
The 


~IIVI" 
t 
information 
has been 
carefully 
checked 
and 
is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is 


»~ 
•••• "-"'Ot 
~y 
III" 
assumed 
for inaccuracies. 
Furthermore, 
such 
information 
does 
not convey 
to the purchaser 
of the semicon- 


,,'.""'~. '~".m_ 
ductor 
devices 
described 
any 
license 
under 
the patent 
rights 
of SMC 
or others. 
SMC 
reserves 
the 
right 
to 


make 
changes 
at any time 
in order 
to improve 
design 
and supply 
the best product 
possible. 
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COM78808 


PRELIMINARY 


Eight-channel Universal 
Asynchronous Receiver/Transmitter 
Octal UART 


FEATURES 
o Eight independent 
full duplex serial data lines 


o Programmable 
baud rates individually 
selectable 
for 


each line's transmitter/receiver 
(50 to 19,200 baud) 


o Summary 
registers that allow a single read to detect a 


data set change or to determine 
the cause of an inter- 
rupt on any line 


o Device scanner mechanism 
that reports interrupt 


request due transmitter/receiver 
interrupts 


o Independently 
programmable 
lines for interrupt-driven 


operation 


o Modem status change detection 
for Data Set Ready 


(DSR) and Data Carrier Detect (DCD) signals 


Tx07 


DSR7 


OGD? 


RxO? 


A,D6 


DCD6 


DSA6 


Tx06 


Tx05 


D$RS 
DCDS 
RxD5 


RxD4 


OCD4 


OSA4 


Tx04 


VDD 


,.... to 
\/'l ~ 1>-11- 0100 10: U U 100 M N :J 0 
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B666~m~o~zza6606~ 
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The COM78808 
Eight-channel 
Asynchronous 
Receiver/ 


Transmitter 
(Octal UART) is a VLSI device for new gener- 


ations of asynchronous 
serial communication 
designs and 


for microcomputer 
systems. This 58-pin device performs the 


VSS2 


Tx03 


DSA3 


DCD3 


Rx03 
RxD2 


OCD2 


DSR2 


T)(02 


TxOl 


DSR1 


DCD1 
AxDl 
AxDO 


DCDO 


OSRO 
T,DO 


basic operations 
necessary for simultaneous 
reception and 


transmission 
of asynchronous 
messages 
on eigh~ inde- 


pendent lines. Figure 1 is a functional 
block diagram of the 


COM78808 
Octal UART. 
. 


I 


STANDARD MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


CORPOR 
I\TIr\IlI 
liiiiliiiili 
applications: consecuentiy complete information sufficient for construction purposes is not necessarily given. 


1 
1==I"";I.llVIii"'.O. 
The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


• 
~'",•• ~,_." 
".• assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


• 
;" 
"'''00 
. ,., ,'"" .•• 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design ana supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATIONAi 
COM78C808 
PRELIMINARY 


Eight-channel 
Universal 
Asynchronous 
Receiver/Transmitter 
Octal UART 


FEATURES 
o Eight independent 
full duplex serial data lines 


o Programmable 
baud rates individually 
selectable 
for 


each line's transmitter/receiver 
(50 to 19,200 baud) 


o Summary 
registers that allow a single read to detect a 


data set change or to determine 
the cause of an inter- 


rupt on any line 


6059~57~55M535251W494847%45« 


Tx07 
61 
43 
VSS2 


DSR7 
62 
42 
Tx03 


oeD7 
63 
41 
DSA3 


Rx07 
64 
40 
DCD3 


RxD6 
65 
39 
RxD3 


DGOG 
66 
38 
Rx02 


OSR6 
67 
37 
DCD2 


T)(06 
68 
36 
OSR2 


TxD5 
1 
COM78C808 
35 
TxD2 


DSR5 
2 
34 
Tx01 


DC 05 
3 
33 
DSAl 


AxD5 
4 
32 
oeDl 


AxD4 
5 
31 
RxDl 


DCD4 
6 
30 
AxDO 


DSR4 
7 
29 
0C50 


Tx04 
8 
28 
OSRO 


VDD 
9 
27 
TxOO 
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o Device scanner mechanism 
that reports interrupt 


request due transmitter/receiver 
interrupts 


o Independently 
programmable 
lines for interrupt-driven 


operation 


o Modem status change detection 
for Data Set Ready 


(DSR) and Data Carrier Detect (DCD) signals 


r-- 
10 
U") 
'<t I> I..... 0 
lC1.l I'" 0 0 I....(") N 
•...• 0 0 
66B6~ffi~u~ZZ~BBBB~ 


'" 
o Low power CMOS technology 
o + 5V only power supply 
o Compatible 
with COM78C804 
and COM78C802 


The COM78C808 
Eight-channel 
Asynchronous 
Receiver/ 
basic operations 
necessary for simultaneous 
reception and 
Transmitter 
(Octal UART) is a VLSI device for new gener- 
transmission 
of asynchronous 
messages 
on eight 
inde- 


ations of asynchronous 
serial communication 
designs and 
pendent lines. Figure 1 is a functional 
block diagram of the 
for microcomputer 
systems. This 58-pin device performs the 
COM78C808 
Octal UART. 
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INTERRUPT 
SUMMARY 
REGISTER 


T.Ol 
RxDl 
DSRl 
DCDl 


Tx02 
RxD2 
DSR2 
DCD2 


TxD3 


RxD3 
DSR3 
DCD3 


Tx04 
Rx04 
DSR4 
DCD4 


TxD5 


RxOS 
DSR5 
DCD5 


Tx06 


RxD6 
DSR6 
DCD6 


Tx07 
AxD7 
DSR7 
DCD7 


DATA SET 
CHANGE 
SUMMARY 
REGISTER 


Pin 
Signal 
Input/Output 
Definition/Function 


10-13,22-25 
Dl<7:0> 
input/output 
Data lines <7:0>-Receives 
and transmits the parallel 


data. 


50-52,54-56 
ADD <0:5> 
input 
Address<'0:5>-Selects 
the internal registers in the Octal 
UART. 


17 
CS 
input 
Chip select-Activates the Octal UART to receive and trans- 
mit data over the Dl <7:0> lines. 


21,53 
DS1,DS2 
input 
Data strobe 1 and 2-Receives timing information for data 
transfers. The DS1 and DS2 inputs must be connected 
together. 


18 
WR 
input 
Write-Specifies direction of data transfer on the Dl <7:0> 
lines. 


14 
ROY 
output 
Ready-Indicates when the Octal UART is ready to partici- 
pate in data transfer cycles. 


15 
RESET 
input 
Reset-Initializes the internal logic. 
57 
MRESET 
input 
Manufacturing reset-For manufacturing use. 


58 
ClK 
input 
Clock-Clock input for timing. 
62,67,2,7, 
DSR<7:0> 
inputs 
Data set ready-Monitor data set ready (DSR) signals from 
41,36,33,28 
modems. 


63,66,3,6, 
DCD<7:0> 
inputs 
Data set carrier detect-Monitor 
data set carrier detect 
40,37,32,29 
(DCD) signals from modems. 


49 
IRQ 
output 
Interrupt request-Requests a processor interrupt. 


45-47 
IRQlN <0:2> 
output 
Interrupt request line number-Indicates the line number of 
originating interrupt request. 


48 
IRQTxRx 
output 
Interrupt request transmit/receive-Indicates 
whether an 


interrupt request is for transmitting or receiving data. 


61,68,1,8, 
TxD<7:0> 
outputs 
Transmit data-Provides asynchronous bit-serial data out- 


42,35,34,27 
put streams. 
64,65,4,5, 
RxD<7:0> 
inputs 
Receive data-Accepts asynchronous bit-serial data input 
39,38,31,30 
streams. 


44,26,9 
Voo 
input 
Voltage-Power supply voltage + 5 Vdc. 
16,59,43 
Vss 
input 
Ground-Ground reference 


DATA AND ADDRESS 
Data lines 
(DL<7:0»- 
These lines are used for the par- 
Address 
(ADD<5:0»- 
These 
lines select 
which 
Octal 


allel transmission 
and reception 
of data between the CPU 
UART internal 
register 
is accessible 
through 
the data I/O 
and the Octal UART. The receivers are active when the data 
lines (OL<7:0» 
when the data strobe (OS1, OS2) and chip 
strobe (OS1, OS2) signal is asserted. The output drivers are 
select (CS) signals are asserted. Table 2 lists the addresses 
active only when the chip select (CS) signal is asserted, the 
corresponding 
to each 
register. 
The 
receiver 
buffer 
and 
data strobe 
(OS1, OS2) signal 
is asserted, 
and the write 
transmitter 
holding 
@9.jster for each line have the same 
(WR) signal is deasserted. 
The drivers will become inactive 
address. When the (WR) signal is deasserted, 
the address 
(high-impedance) 
within 50 nanoseconds 
when one or more 
accesses the receiver buffer register and when asserted, 
it 
of the following 
occurs: the chi2..§...elect(CS) signal is deas- 
accesses 
the transmitter 
holding register. 
serted, the data strobe (OS1, 052) signal is deasserted, 
or 


the write (WR) signal is asserted. 


TABLE 2 - COM78C808 
REGISTERS 
ADDRESS 
SELECTION 


ADD Line' 
Read/Write 
Register 


<5> 
<4> 
<3> 
<2> 
<1> 
<0> 


a 
a 
a 
a 
a 
a 
Read 
Line a Receiver Buffer 
a 
a 
a 
a 
a 
a 
Write 
Line a Transmitter Holding 
a 
a 
a 
a 
a 
1 
Read 
Line a Status 


a 
a 
a 
a 
1 
a 
Read/Write 
Line a Mode Registers 1,2 
a 
a 
a 
a 
1 
1 
ReadlWrite 
Line a Command 


a 
a 
1 
a 
a 
a 
Read 
Line 1 Receiver Buffer 
a 
a 
1 
a 
a 
a 
Write 
Line 1 Transmitter Holding 
a 
a 
1 
a 
a 
1 
Read 
Line 1 Status 


a 
a 
1 
a 
1 
a 
Read/Write 
Line 1 Mode Register 1,2 
a 
a 
1 
a 
1 
1 
ReadlWrite 
Line 1 Command 


a 
1 
a 
a 
a 
a 
Read 
Line 2 Receiver Buffer 
a 
1 
a 
a 
a 
a 
Write 
Line 2 Transmitter Holding 
a 
1 
a 
a 
a 
1 
Read 
Line 2 Status 


a 
1 
a 
a 
1 
a 
Read/Write 
Line 2 Mode Register 1,2 
a 
1 
a 
a 
1 
1 
Read/Write 
Line 2 Command 


a 
1 
1 
a 
a 
a 
Read 
Line 3 Receiver Buffer 
a 
1 
1 
a 
a 
a 
Write 
Line 3 Transmitter Holding 
a 
1 
1 
a 
a 
1 
Read 
Line 3 Status 


a 
1 
1 
a 
1 
a 
Read/Write 
Line 3 Mode Register 1,2 
a 
1 
1 
a 
1 
1 
Read/Write 
Line 3 Command 


1 
a 
a 
a 
a 
a 
Read 
Line 4 Receiver Buffer 
1 
a 
a 
a 
a 
a 
Write 
Line 4 Transmitter Holding 


1 
a 
a 
a 
a 
1 
Read 
Line 4 Status 


1 
a 
a 
a 
1 
a 
Read/Write 
Line 4 Mode Register 1,2 
1 
a 
a 
a 
1 
1 
Read/Write 
Line 4 Command 


1 
a 
1 
a 
a 
a 
Read 
Line 5 Receiver Buffer 


1 
a 
1 
a 
a 
a 
Write 
Line 5 Transmitter Holding 
1 
a 
1 
a 
a 
1 
Read 
Line 5 Status 


1 
a 
1 
a 
1 
a 
Read/Write 
Line 5 Mode Register 1,2 
1 
a 
1 
a 
1 
1 
Read/Write 
Line 5 Command 


1 
1 
a 
a 
a 
a 
Read 
Line 6 Receiver Buffer 
1 
1 
a 
a 
a 
a 
Write 
Line 6 Transmitter Holding 
1 
1 
a 
0 
0 
1 
Read 
Line 6 Status 


1 
1 
a 
0 
1 
a 
Read 
Line 6 Mode Register 1,2 
1 
1 
a 
0 
1 
1 
Read/Write 
Line 6 Command 


1 
1 
1 
0 
0 
a 
Read 
Line 7 Receiver Buffer 


1 
1 
1 
0 
0 
a 
Write 
Line 7 Transmitter Holding 
1 
1 
1 
0 
0 
1 
Read 
Line 7 Status 
1 
1 
1 
0 
1 
a 
Read/Write 
Line 7 Mode Register 1,2 


1 
1 
1 
0 
1 
1 
Read/Write 
Line 7 Command 


X 
X 
X 
1 
a 
a 
Read 
Interrupt Summary 


X 
X 
X 
1 
0 
1 
Read 
Data Set Change Summary 


BUS TRANSACTION 
CONTROL 


Chip 
select 
(C5)- 
This signal is asserted 
to permit data 
ing information 
for data transfers. 
Ouring a write cycle, the 


transfers through the OL<7:0> 
lines to or from the internal 
CPU asserts the data strobe signal when valid output data 
~ters. 
Oata transfer is controlled by the data strobe (OSl, 
is available and deasserts 
the data strobe signal before the 
OS2) signal and write (WR) signal. 
data is removed. 
Ouring a read cycle, the CPU asserts the 


data strobe signal and the Octal UART transfers 
the valid 
Data strobe 
(051,052)- 
The data strobe inputs (OSl and 
data. 
When 
the data 
strobe 
signal 
is deasserted, 
the 
OS2) must be connected 
together. This input receives tim- 
OL<7:0> 
lines become a high impedance. 
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I 


Write 
(WR)- The write (WR) signal specifies 
the direction 
of data transfer 
on the DL<7:0> 
lJins by controlling 
the 
direction 
of their transceivers. 
If the WR signal is asserted 
during 
a data transfer 
(the CS, DS1, and DS2 signals 
assert~ 
the Octal UART is receiving data from DL <7:0>. 
If the WR signal is deasserted 
during a write data transfer, 
the Octal UART is driving data onto the DL <7:0> 
lines. 


INTERRUPT 
REQUEST 


Interrupt 
request 
IRQ-The 
IRQ pin is an open drain out- 
put. The integral 
interrupt 
scanner 
asserts the IRQ signal 


when it has detected 
an interrupt 
condition 
on one of the 
eight serial data lines. 


Interrupt 
Request 
transmit/receive 
(IRQTxRx)- 
This 
signal 
indicates 
when the interrupt 
scanner 
in the Octal 
UART 
stops 
and asserts 
IRQ because 
of a transmitter 


interrupt 
condition 
(the IRQTxRx 
signal 
is asserted) 
or 
because of q receiver interrupt condition 
(the IRQTxRx sig- 


nal is deasserted). 
The signal 
is valid only while 
IRQ is 
asserted. 
The state of IRQTxRx 
signal also appears 
as bit 
o of the interrupt summary 
register. 


Interrupt 
request 
line 
number 
(IRQLN<2:0»- 
These 


lines indicate 
the line number 
at which 
the Octal 
UART 


interrupt scanner stopped and asserted the interrupt request 
(IR~nal. 
The number on these lines is valid only while 


the IRQ signal 
is asserted. 
Line IRQLN<2> 
is the high- 
order bit and the IRQLN<O> 
line is the low-order 
bit. The 
state of these signals also appears 
as bits in the interrupt 


summary 
register: 
IRQLN<2> 
as bit 3, IRQLN<l 
> as bit 


2, and IRQLN<O> 
as bit 1. Table 3 shows the line numbers 


corresponding 
to settings of IRQLN<2:0>. 


TABLE 3 - COM78C808 
INTERRUPT 
REQUEST 
LINE ASSIGNMENTS 


IRQ Line 
Line 


<2> 
<1> 
<0> 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
2 
0 
1 
1 
3 


1 
0 
0 
4 


1 
0 
1 
5 


1 
1 
0 
6 


1 
1 
1 
7 


to be asserted. 
A TTL high at a DSR pin causes the DSR 
bit in the corresponding 
line's status register 
to be deas- 


serted. A change 
of this input from high-to-Iow, 
or low-to- 
high, 
causes 
the 
assertion 
of the 
data 
set 
change 
(DSCHNG) 
bit that corresponds 
to this line in the data set 


change 
summary 
register. Changes 
from one state to the 


other and back again that occur within one microsecond may 
not be detected. 


Carrier 
detect 
(DCD<7:0»- 
These eight input pins, one 
for each serial data line of the Octal UART, are typically con- 
nected through intervening 
level converters 
to the received 
line signal 
detect 
(also 
called 
carrier 
detect) 
outputs 
of 


modems. A TTL low at a DCD pin causes the DCD bit of the 
corresponding 
line's status 
register 
to be deasserted. 
A 
change of this input from high-to-Iow, or low-to-high, causes 
the assertion 
of the data set change 
(DSCHNG) 
bit corre- 
sponding 
to this line in the data set change 
summary 
reg- 


ister. Changes 
from one state to the other and back again 
that occur within one microsecond 
may not be detected. 


GENERAL 
CONTROL 
SIGNALS 


Ready 
(RDY)- The RDY pin is an open drain output. Upon 


detecting a negative transition 
of chip select (CS), the Octal 


UART asserts the RDY signal to indicate readiness 
to take 
part in data transfergcles. 
The RDY signal deasserts 
after 


the trailing edge of CS. 


Reset (RESET)-When 
the RESET 
input is asserted, 
the 
TxD<7:0> 
lines are asserted 
and all internal 
status 
bits 


listed in the "Architecture Summary" discussion are cleared. 


Manufacturing 
reset 
(MRESET)- 
This signal is for man- 


ufacturing 
use only and the input should 
be connected 
to 
ground for normal operation. 


MISCELLANEOUS 
SIGNALS 


Clock 
in (CLK)-AII 
baud 
rates and internal 
clocks 
are 
derived 
from this input. 
Normal 
operating 
frequency 
is 
4.9152 MHz ±0.1 percent and duty cycle is 50 percent ± 5 
percent. 


POWER AND GROUND 


Voltage 
(VDD)-Power supply 5 Vdc 


Ground 
(V •• )-Ground 
reference 


ARCHITECTURE 
SUMMARY 
The Octal UART functions 
as a serial-to-parallel, 
parallel- 


to-serial 
converter/controller. 
It can be programmed 
by a 


microprocessor 
to provide different characteristics 
for each 


of its eight serial data lines (stop bits, parity, character length, 
split baud rates, etc.) 
Each serial line functions 
the same as a one-line 
UART- 


type device thereby reducing the number of chips and con- 
serving space on communication 
devices that require mul- 
tiple communications 
lines. 
An integral 
interrupt 
scanner 
checks 
for device 
interrupt 
conditions 
on the eight lines. Its scanning 
algorithm 
gives 
Receive 
data 
(RxD<7:0»- 
These 
lines 
accept 
asyn- 
priority to receivers over transmitters. 
The scanner can also 
chronous 
bit-serial 
data streams. 
The input signals 
must 
check for interrupts 
resulting from changes 
in modem con- 
remain in the high state for at least one-half 
bit time before 
trol signals DSR and DCD. 


a high-to-Iow 
transition 
is recognized. 
( A high-to-Iow 
tran- 
. 
sition is required to signal the beginning 
of a "start" 
bit and 
Lme-specific 
Registers 


initiate data reception). 
Each of the eight serial data lines in the Octal UART has a 
set of registers for buffering data into and out of the line and 


MODEM 
SIGNALS 
for external control of the line's characteristics. 
These reg- 


Data set ready 
(DSR<7:0»- 
These eight input pins, one 
isters are selected 
for access 
by setting 
the appropriate 
TOreach serial data line on the COM78C808, 
are typically 
address on lines ADD<5:0>. 
Lines ADD<5:3> 
select one 
connected 
via intervening 
level converters 
to the data set 
of the eight data lines. Lines ADD<2:0> 
select the specific 
ready outputs of modems. 
A TTL low at a DSR pin causes 
register for that line. Refer to Table 2 for the register address 
the DSR bit (bit 7) In the corresponding 
line's status register 
assignments. 
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SERIAL 
DATA 


Transmit 
data (TxD<7:0»- 
These 
outputs 
transmit 
the 


asynchronous 
bit-serial data streams. They remain at a high 


level when no data is being transmitted and a low level when 
the TxBRK bit in the associated 
line's command 
register is 


set. 


Receiver 
buffer register-Each 
line's receiver consists of 


a character 
assembly 
register and a two-entry 
FIFO that is 


the receiver buffer register. When the RxEN bit in a line's 
command 
register 
is set, received 
characters 
are moved 


automatically 
into the line's receiver buffer as soon as they 
have been deserialized 
from the associated 
communica- 
tions 
line. When 
there 
are characters 
in this 
FIFO, 
the 


RxRDY bit is set in the status register for the line. 
The assertion 
of the RxRDY signal for a line that already 


has the RxlE bit of its command 
register 
set causes 
the 
interrupt 
scan~ogic 
to stop and generate 
an interrupt 


condition 
(the IRQ signal is asserted). 
When the receiver 


buffer 
is read, the interrupt 
condition 
is cleared 
(the IRQ 


signal is deasserted) 
and the interrupt 
scanner 
resumes 


operation. 
If there 
is another 
entry in a line's 
FIFO, the RxRDY 
bit 


remains asserted. 
When the interrupt scanner reaches this 


line again, the assertion 
of RxRDY causes the scanner to 


halt and assert the IRQ again. 
Asserting 
the RESET 
signal or clearing 
the RxEN bit ini- 


tializes the receiver logic of Octal UART. The RxRDY flag is 
cleared 
and the receiver 
buffer 
register 
outputs 
become 


undefined. 
Any data in the FIFO at that time is lost. 


Transmitter 
holding 
register-Each 
line has a writable 


transmitter 
holding register. When the TxEN bit in the line's 


command 
register 
is set, characters 
are moved automati- 


cally from the output of this register into the transmitter 
seri- 
alization logic whenever the serialization logic becomes idle. 
When this register is empty, the TxRDY bit in the line's sta- 
tus register is set. If the transmitter 
interrupt enable (TxIE) 
bit in the line's command 
register 
is also set, the interrupt 


scanner 
logic halts and generates 
an interrupt condition. 
If 


a character 
is then loaded into the register, the interrupt is 


cleared and the scanner 
resumes operation. 


Assertion of the RESET signal initializes the transmitter logic 
of the Octal UART. The TxRDYfiag 
is cleared and the trans- 


mitter holding 
register's 
contents 
are lost. The transmitter 


enable 
(TxEN) 
bit in the line's command 
register 
is also 


cleared 
by RESET. 
If at the end of the reset process, 
the 


TxEN is reasserted 
and TxRDY bit is reasserted. 
Software 
clearing of TxEN alone produces 
results different from the 


full RESET 
in that the transmitter 
holding 
register's 
con- 


tents are not lost; they are transmitted 
when TxEN is set 


again. 


Status register-Each 
line has a read-only 
status register 


that provides information about the current state of the given 
line. This register indicates 
a line's readiness 
for transmis- 


sion or reception of data and flags error conditions 
in its bit 


fields. Figure 3 shows the format of the status register. Table 
3 lists the flag bits in each status register. 
I 


DSR 
DeD 


FER 


ORR 


PER 
TxEMT 


AxAOY 
hRDY 


FIGURE 3 - COM78C808 
STATUS REGISTERS 


(LINE 0-7) FORMAT 


Bit 
Description 


7 
DSR (Data set ready)- This bit is the inverted state of the DSR line. 
6 
DCD (Data set carrier detect)- This bit is the inverted state of the DCD line. 
S 
FER (Frame error)-Set when the received character currently displayed in the receiver buffer register was not 
framed by a stop bit. Only the first stop bit is checked to determine that a framing error exists. Subsequent 
reading of the receiver buffer register that indicates all zeros (including the parity bit, if any) can be interpreted 
as a Break condition. This bit is cleared by clearing RxEN (bit 2) of the command register, by asserting the 
RESET input, or by setting the reset error RERR (bit 4) of the command register. 


4 
ORR (Overrun error)-Set when the character in the receiver buffer register was not read before another char- 
acter was received. Cleared by clearing RxEN (bit 2) of the command register, by asserting the RESET input, 
or by setting reset error RERR (bit 4) of the command register. 
3 
PER (Parity error)-If parity is enabled and this bit is set, the received character in the receiver buffer register 
has an incorrect parity bit. This bit is cleared by clearing RxEN (bit 2) of the command register, by asserting the 
RESET input, by setting reset error RERR (bit 2) of the command register, or by reading the current character 
in the receiver buffer register. 


2 
TxEMT (Transmitter empty)-Set when the transmitter serialization logic for the associated line has completed 
transmission of a character, and no new character has been loaded into the transmitter holding register. 
Cleared by loading the transmitter holding register, by clearing TxEN (0) of the command register, or by assert- 
ing the RESET input. 


1 
RxRDY (Receiver buffer ready)-When set, a character has been loaded into the FIFO buffer from the deserial- 
ization logic. Cleared by reading the receiver buffer register, by clearing RxEN (bit 2) in the command register, 
or by asserting the RESET input. 


0 
TxRDY (Transmitter holding register ready)-When 
set, this bit indicates that the transmitter holding register is 
empty. Cleared when the program has loaded a character into the transmitter holding register, when the trans- 
mitter for this line is disabled by clearing TxEN (bit 0) in the command register, or by asserting the RESET 
input. This bit is initially set when the transmitter logic is enabled by the setting of TxEN (bit 0) and the transmit- 
ter holding register is empty. This bit is not set when the automatic echo or remote loopback modes are pro- 
grammed. Data can be overwritten if a consecutive write is performed while TxRDY is cleared. 


Mode registers 
1 and 2-These read/write 
registers con- 
trol the attributes (including parity, character length, and line 
speed) of the communications 
line. 


Each of the eight communications 
lines has two of these 


registers, 
both 
accessed 
by 
the 
same 
address 
on 


ADD<5:0>. 
Successive 
access operations 
(either read or 


write, in any combination) 
alternate 
between 
the two reg- 


isters at that address by use of an internal pointer. The first 
operation 
addresses 
mode 
register 
1, the next address 


mode register 
2, and another 
after that would recycle the 


pointer to mode register 
1. The pointer is reset to point to 


mode register 
1 by RESET or by a read of the command 


register for this line. These registers should not be accessed 
by bit-oriented 
instructions 
that do read/modify/write 
cycles 


such as the PDP-11 BIS, BIC, and BIT instructions. 


Figure 4 shows the format of mode registers 
1 and Table 5 


describes 
the function of the register information. 


STQP---- 
PAR 
CTRL------ 


CH.AR 
LENGTH 
-------~ 


RSRV 


MCIE 


FIGURE 4 - COM78C808 
MODE 
REGISTERS 
1 (LINE 0-7) FORMAT 


Bit 
Description 


7,6 
STOP- These bits determine the number of stop bits that are appended to the transmitted characters as 
follows. These bits are cleared by asserting the RESET input. 
Bits 
Stop Bits 
7 
6 


0 
0 
Invalid 
0 
1 
1.0 
1 
0 
1.5 
1 
1 
2.0 


5,4 
PAR CTRL (Parity control)- These bits determine parity as follows and are cleared by asserting the RESET 
input. X = either 1 or O. 
Bits 
Parity Type 
5 
4 
1 
1 
Even 


0 
1 
Odd 


X 
0 
Disabled 


3,2 
CHAR LENGTH (Character length)- These bits determine the length (excluding start bit, parity, and stop 
bits) of the characters received and sent. Received characters of less than 8 bits are "right aligned" in the 
receiver buffer with unused high-order bits equal to zero. Parity bits are not shown in the receiver buffer. The 
character length bits are cleared by asserting the RESET input. The character length bits are defined as 
follows: 
Bit 
Bit Length 
3 
2 
0 
0 
5 
0 
1 
6 
1 
0 
7 
1 
1 
8 


1 
RSRV (Reserved and cleared by asserting the RESET input.) 


0 
MCIE (Modem control interrupt enable)-When 
set and RxlE (bit 5) of the command register is set, the 


modem control interrupts are enabled. Refer to the Interrupt Scanner and Interrupt Handling information. 
Cleared by asserting the RESET input. 


Figure 5 shows the format of mode registers 
2 and Table 
Command 
register- 
These 
read/write 
registers 
control 


6 indicates 
the baud rate selections 
of the register. Bits 7 
various functions 
on the selected 
line. Figure 6 shows the 
through 
4 of the mode 
register 
2 control 
the transmitter 
format 
of the command 
registers 
and Table 6 describes 
baud rate and bits 3 through 
0 control the receiver 
baud 
the function 
of the register 
information. 
rate. These registers are cleared by asserting RESET input. 


FIGURE 5 - COM78C808 
MODE 
REGISTERS 
2 (LINE 0-7) FORMAT 
FIGURE 6 - COM78C808 
COMMAND 
REGISTERS 
(LINE 0-7) FORMAT 


Bit 
Description 


7:0 
XMIT RATE/RECV RATE (Transmitter/Receiver Rate)-Selects the baud rate of the transmitter (bits 7:4) and 
receiver (bits 3:0) as follows: 
Error> 
Transmitter 
Bits 
Receiver 
Bits 
Nominal 
Actual 
7 
6 
5 
4 
3 
2 
1 
0 
Rate 
Rate 
(percent) 


0 
0 
0 
0 
0 
0 
0 
0 
50 
same 
- 


0 
0 
0 
1 
0 
0 
0 
1 
75 
same 
- 


0 
0 
1 
0 
0 
0 
1 
0 
110 
109.09 
0.826 


0 
0 
1 
1 
0 
0 
1 
1 
134.5 
133.33 
0.867 


0 
1 
0 
0 
0 
1 
0 
0 
150 
same 
- 


0 
1 
0 
1 
0 
1 
0 
1 
300 
same 
- 


0 
1 
1 
0 
0 
1 
1 
0 
600 
same 
- 


0 
1 
1 
1 
0 
1 
1 
1 
1200 
same 
- 


1 
0 
0 
0 
1 
0 
0 
0 
1800 
1745.45 
3.03 


1 
0 
0 
1 
1 
0 
0 
1 
2000 
2021.05 
1.05 
1 
0 
1 
0 
1 
0 
1 
0 
2400 
same 
- 


1 
0 
1 
1 
1 
0 
1 
1 
3600 
3490.91 
3.03 
1 
1 
0 
0 
1 
1 
0 
0 
4800 
same 
- 
1 
1 
0 
1 
1 
1 
0 
1 
7200 
6981.81 
3.03 


1 
1 
1 
0 
1 
1 
1 
0 
9600 
same 
- 


1 
1 
1 
1 
1 
1 
1 
1 
19200 
same 
- I 


Bit 
Description 


7,6 
OPER MODE (Operating mode)- These bits control the operating mode of the channel as follows. These 
bits are cleared by asserting the RESET input. 
Bit 
Operating 
Mode 


7 
6 
0 
0 
Normal operation 
0 
1 
Automatic echo 
1 
0 
Local loopback 
1 
1 
Remote loopback 


5 
RxlE (Receiver interrupt enable)-When 
set, the RxRDY flag (bit 1) of the status register for this line will 


generate an interrupt. 


4 
RERR (Reset error)-When 
set, this bit clears the framing error, overrun error, and parity error of the status 


register associated with this line. This bit is cleared by asserting the RESET input (not self-clearing). 


3 
TxBRK (Transmit break)-When 
set, this bit forces the appropriate TxD<7:0> 
line to the spacing state at 


the conclusion of the character presently being transmitted. When the program clears this bit, normal opera- 
tion is restored, and any character pending in the transmitter holding register is moved into the serialization 
logic and transmitted. The minimum break length obtainable is twice the character length plus 1 bit time. 
The maximum break length depends on the amount of time between the program setting and clearing this 
bit, but is an integral number of bit times. This bit is cleared by asserting the RESET input. 


2 
RxEN (Receiver enable)-When 
set, this bit enables the receiver logic. When cleared, it stops the assem- 


bling of the received character, clears all receiver error bits and the RxRDY (bit 1) of the status register, 
clears any receiver interrupt conditions associated with this iine, and initializes all receiver logic. This bit is 
cleared by asserting the RESET input. 


1 
TxlE (Transmit interrupt enable)-When 
set, the state of the associated TxRDY flag (bit 0) of the status reg- 


ister is made available to the interrupt scanner logic. When the interrupt scanner iogic scans this line, it 
determines if the TxRDY flag is asserted and generates an interrupt by asserting the IRQ signal. 


0 
TxEN (Transmitter enable)-When 
set, this bit enables the transmitter logic. When cleared, it inhibits the 


serialization of the characters that follow but the serialization of the current character is completed. It also 
clears the TxRDY flag (bit 0) of the status register, clears any transmitter interrupt conditions associated with 
this line, and initializes all transmitter logic except that associated with the transmitter holding register. The 
character in the transmitter holding register is retained so that XON/XOFF situations can be properly pro- 
cessed. This bit is cleared by asserting the RESET input. 


Bits 5 through 0 enable the line's receiver and transmitter, 
enable 
handling 
of interrupts, 
initiate the transmission 
of 


break characters, 
and reset error bits for the line. Refer to 


"Interrupt 
Scanner" 
and "Interrupt 
Handling" 
paragraphs 


for detailed 
interrupt 
information. 
Bits 7 and 6 control the 


operating 
mode of the line. The four modes 
that can be 


set are: 


D Normal 
operation-The 
serial data received 
is assem- 


bled in the receiver logic and transferred 
in parallel to the 


receiver buffer register. (The RxEN bit must be set.) Data 
to be transmitted 
is loaded in parallel into the transmitter 


holding register, then automatically 
transferred 
into the 


transmitter 
logic and serialized 
for transmission. 
(The 


TxEN bit must be set.) 


o Automatic 
echo-The 
serial data received is assembled 


into parallel 
in the receiver logic (the RxEN bit must be 


set) and transferred 
to the receiver buffer register. Arriv- 


ing serial data is also routed to the line's TxD<n> 
pin for 


serial output. TxEN is ignored 
and the transmitter 
logic 
is disabled. 
TxRDY 
flags 
and TxEMT 
indications 
are 


cleared. 
No transmitter 
interrupts 
are generated. 


o Localloopback- 
The serial data from the RxD<n> 
input 
is ignored and the receiver serial input receives data from 
the transmitter 
serial output. The data is assembled 
into 


parallel form in the receiver logic (the RxEN bit must be 
set) and transferred 
to the receiver buffer register where 


it can be read by the program. 
Data to be transmitted 
to 


the receiver is loaded in parallel form into the transmitter 
holding register from which it is automatically 
moved into 


the transmitter 
logic and serialized for transmission. 
(The 


TxEN bit must be set.) The transmission 
goes only to the 


receiver serial input; the TxD<n> 
output is held high. As 
in normal 
operation, 
transmission 
and reception 
baud 


rates are controlled by the transmitter speed and receiver 
speed entries in mode register 2. 


o Remote 
loop back- 
The 
serial 
data 
received 
on the 
RxD<n> 
line is returned 
to the TxD<n> 
line without 


further 
action. 
No data is received 
or transmitted. 
The 


RxRDY, TxRDY, 
and TxEMT 
flags 
are disabled. 
The 


TxEN and RxEN bits of the command 
register are held 


cleared, causing the transmitter 
and receiver logic to be 


disabled. 


SUMMARY 
REGISTERS 


The Octal UART contains two registers that summarize 
the 


current status of all eight serial data lines, making it possi- 
ble to determine 
that a line's status has changed with a sin- 


gle read operation. 
These registers are selected for access 


by setting 
the appropriate 
address 
on pins ADD <2:0>. 


Because 
the registers 
are shared by eight serial lines, the 


line-selection 
bits (ADD <5:3» 
are ignored 
when these 


registers 
are accessed. 
Refer ·to "Interrupt 
Scanner 
and 


Interrupt Handling" 
for detailed 
interrupt information. 


Interrupt 
summary 
register-This 
read-only 
register indi- 


cates that a transmitter 
or receiver interrupt 
condition 
has 


occured, 
and indicates 
the line number that generated 
the 


interrupt. 
Figure 7 shows the format of the interrupt 
sum- 
mary register and Table 8 describes 
register information. 


FIGURE 7 - COM78C808 
INTERRUPT 
SUMMARY 
REGISTER FORMAT 


Bit 
Description 


7 
IRQ (Interrupt request)-When 
set, this bit indicates that the interrupt scanner has found an interrupting con- 


dition among the eight serial lines of the Octal UART.These conditions also result in the Octal UART assert- 
ing the IRQ signal. 


6:4 
RAZ (Read as zero)-Not 
used 


3:1· 
INT LINE NO (Interrupting line number)- These bits indicate the line number upon which an interrupting con- 
dition was found. These bits correspond to the IRQLN <2:0> signals-(bit 3 = IRQLN<2>, 
bit 2 = IRQLN<1 >, 


and bit 1= IRQLN<O>. Refer to Table 3. 
O· 
Tx/Rx (TransmiVreceive)- This bit indicates whether the interrupting condition was caused by a transmitter (Txl 
Rx equals 1) or a receiver (Tx/Rx equals 0). This bit corresponds to the IRQTxRx signal of the Octal UART 
and is set when IRQTxRx is asserted. 


Data set change 
summary 
register-When 
the DSR or 


DCD inputs that are associated 
with a line change 
state, 


the bit corresponding 
to that line in this read-only 
register 


is set. The current 
state of the DSR and DCD inputs can 


FIGURE 8 - COM78C808 
DATA SET CHANGE 
SUMMARY 
REGISTER FORMAT 


then be obtained from that line's status register. If the state 
of a line changes twice withi01one microsecond, 
the change 


in state may not be detected. 
Figure 8 shows the format 


of the data set change 
summary 
register. 


When the MCIE bit in a line's mode register 
1 is set and 


RxlE is also set, the modem control interrupts 
are enabled 


forthat 
line. If DSCHNG for that line is then set, the interrupt 


scanner 
will halt and assert the IRQ signal. The data set 


change summary 
register bits are cleared by writing a 1 into 


the bit position. A program that uses this register should read 
and save a copy of its contents. 
The copy can then be writ- 


ten back to the register to clear the bits that were set. The 
system interrupts 
should be disabled and writeback 
should 


directly follow the read operation. 


Assertion 
of the RESET signal disables 
and initializes 
the 


data set change 
logic. When the RESET 
signal 
is deas- 


serted, 
future changes 
in DSR and DCD are reported 
as 


they occur. 
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INTERRUPT 
SCANNER 
AND INTERRUPT 
HANDLING 


The interrupt scanner is a four-bit counter that sequentially 
checks 
lines 0 through 
7 for a receiver 
interrupt 
(counter 


positions 
(0-7) and then checks the lines in the same order 


for a transmitter 
interrupt 
(counter 
positions 
8-15). 
If~ 


scanner detects an interrupt condition, 
it stops and the IRQ 


signal is asserted. 
An interrupt 
must be serviced 
by soft- 


ware or no other interrupt 
request can be posted. 


The scanner determines 
that a line has a receiver interrupt 
if the line's receiver buffer is ready and receiver interrupts 
are enabled for that line (RxRDY and RxlE = 1) or either of 
the line's modem status signals has changed state and both 
receiver and modem control interrupts 
are enabled for that 


line (DSCHNG 
and RxlE and MCIE = 1). 


The scanner determines 
that a line has a transmitter 
inter- 


rupt if the line's transmitter 
holding the register is empty and 


transmitter 
interrupts 
are enabled for that line (TxRDY and 


TxIE=1). 


When the scanner 
detects 
an interrupt, 
it reports the line 


number 
on the IRQ<2:0> 
lines. The IRQTxRx 
signal 
is 


asserted 
for a transmitter 
interrupt 
and deasserted 
for a 


receiver interrupt. The appropriate 
bits are also updated in 


the interrupt summary 
register. The IRQ line is deasserted 


and the scanner 
is restarted for each of the following 
three 


types of interrupt conditions. 
o Reading 
the receiver 
buffer or resetting 
the RxlE bit of 


the interrupting 
line for the first type of receiver interrupt 


previously 
described. 


o Resetting 
the MCIE, RxIE, or DSCHNG 
bit of the inter- 


rupting line for the second type of receiver iriterrupt pre- 
viously described. 


o Loading the transmitter 
holding register or resetting the 
TxlE bit of the interrupting 
line for transmitter 
interrupts. 


If the scanner was originally 
stopped by a receiver interrupt 


condition, 
the scanner 
resumes sequential 
operation 
from 


r 


where it stopped, thus providing 
receivers with equal prior- 


ity. If the scanner 
was stopped 
by a transmitter 
condition, 


the scanner restarts from position 0 (line O's receiver), thus 
giving receivers 
priority over transmitters. 


EDGE-TRIGGERED 
AND LEVEL-TRIGGERED 
INTER- 
RUPT SYTSTEMS 
If the interrupt 
system 
of the Octal UART is used only for 


generating 
interrupts 
for the RxRDY and/or TxRDY flags, 


the IRQ line can be connected 
to a processor 
having either 


edge-triggered 
or level-triggered 
interrupt 
capability. 
If the 


modem 
control 
interrupts 
are being used (MCIE 
in mode 


register 1 = 1). the IRQ line can be connected 
only to a pro- 


cessor that uses level-triggered 
interrupts. 


MODEM HANDLING 


The TxEMT (transmitter 
empty) bit of the status register is 


typically 
used to indicate when a program 
can disable the 


transmission 
medium, as when deasserting 
the request-to- 


send line of a modem. 
A typical program 
will load the last 


character 
for transmission 
and then monitor the TxEMT bit 


of the statl,ls register. 


The assertion 
of the TxEMT bit to indicate that transmission 


is complete 
may occur a substantial 
time after the loading 


of the last character. After the last character 
is loaded, one 
character 
is in the transmitter 
holding 
register 
and one 


character 
is in the serialization 
logic. Therefore, 
it will be 
two character 
times 
before 
the transmission 
process 
is 


completed. 
Waiting for the TxRDY signal to assert before 


monitoring 
the TxEMT status shortens 
this by one charac- 


ter time because the TxRDY status bit indicates 
that there 
are no characters 
in the transmitter 
holding 
register. The 


times involved are calculated 
by taking the reciprocal 
of the 


baud rate being used, multiplyin 
;)y the number of bits per 


character 
(a starter bit-5,6,7, 
or e data bits; plus parity bit 


if enabled; and 1,1.5, or 2 stop bits), and multiplying by either 
two characters 
or one, depending 
on when TxEMT 
moni- 
toring begins. 


I 


'iS2 


.,.. 


Sl CLOSED. 
PULL 
UP 


S2 CLOSED: 
PULL 
DOWN 


Sl AND 
S2 CLOSED: 
DIVIDER 


MAXIMUM 
GUARANTEED 
RATINGS' 


Operating 
Temperature 
Range 
...................................................•...........•.................. 
O°C to + 70°C 


Storage 
Temperature 
Range 
...............................•................................................. 
- 55° to + 125°C 


Lead Temperature 
(soldering, 
10 sec.) 
+ 300°C 
Positive 
Voltage 
on any 1/0 Pin, with respectto 
ground 
Vcc + 0.3 
Negative 
Voltage 
on any 1/0 Pin, with respect 
to ground 
- 0.3V 
Maximum 
Vcc 
+ 7V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supp~es, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 


be exceeded 
or device 
failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 
is switched 
on and off. In addition, 
voltage 
transients 
on the AC power 
line may appear 
on the DC output. 
For example, 
the bench 
power 
supply 
programmed 
to deliver 
+ 5 volts may have large voltage 
transients 
when 
the AC power 
is switched 
on and off. If this 
possibility 
exists 
it is suggested 
that a clamp 
circuit be used. 


Symbol 
Parameter 
Test Condition 
Requirements 
Units 
Min. 
Max. 


Vo< 
High-level 
input voltage 
2.0 
V 


V" 
Low-level 
input voltage 
0.8 
V 


VOH 
High-level 
output 
voltage 
Voo=Min. 
2.4 
V 


IOH= 3.5 mA for DL <7:0> 
IDH= 2.0 mA for all 
remaining 
output 
except 
IRQ 
and RDY 


VOL 
Low-level 
output 
voltage 
Voo=Min. 
0.4 
V 


IOL= 5.5 mA for DL <7:0> 


10, = 3.5 mA for all remaining 
outputs 


I'H 
Input current 
at maximum 
Voo=Max. 
10 
ILA 


input voltage 
V, = Voo(Max.) 


I" 
Input current 
at miminum 
Voo=Max. 
-10 
ILA 
input voltage 
V,=O.OV 


los' 
Short-circuit 
output 
Voo=Max. 
-50 
-180 
mA 


current 
for DL <7:0> 
all 
remainin9..Q!!.!puts 
except 
IRQ and RDY 
-30 
-110 
mA 


lOll.' 
Three-state 
output 
Voo=Max. 
10 
ILA 
current 
Vo=0.4V 


IOZH' 
Three-state 
output 
VDD=Max. 
10 
ILA 
current 
Vo=2.4V 


100 
Supply 
current 
Voo=Max. 
25 
mA 
T.=O° 


C,". 
Input capacitance 
4 
pF 


COO3 
fnputloutput 
capacitance 
5 
pF 


'No more than one ouput should be short circuited at a time, and the duration of the short should not exceed 1 second. 
'All three-state output drivers are wired in an 1/0 configuration. The parameters include the driver and input receiver leakage currents. 
3The parameters include the capacitive loads of the output driver and the input receiver. 


TIMING PARAMETERS 
11 shows 
the signal 
timing 
for a write 
cycle 
to transfer 
infor- 
Figure 
10 shows 
the signaltiming 
for a read cycle 
to transfer 
mation 
from 
the processor 
to the Octal 
UART. 
Table 
11 lists 
information 
from 
the 
Octal 
UART 
to the 
processor. 
Figure 
the timing 
parameters 
for the 
read 
and 
write 
cycles. 
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Symbol 
Definition 
Requirements 
(ns) 
Load 
Min. 
Max. 
Circuit' 


tAHO 
Hold time...Qf.E valid ADD 
<5:0> 
to a valid high level of 
DS1 and DS2. 
10 


tASU 
Setup 
tim!LQ!.a 
valid ADD 
<5:0> 
to the falling 
edge of 
DS1 and DS2. 
30 


IeHO 
Hold time...Qf.E valid low level of CS to a valid high level of 
DS1 and DS2. 
10 


lesu 
Setup 
tim!LQ!.a 
valid low level of CS to the falling 
edge of 
DS1 and DS2. 
30 


too 
Propagation 
d~ 
of a valid low level on DS1 and DS2 (if 
CS is low and WR is high) to valid high or low data on DL 
<7:0>. 
165 
C,=150pF 


tODLZ2 
PrQQ9gation 
dela:LQ! 
a valid high level on DS1 and DS2 


tOOHZ 
(if CS is low and WR is high) to DL <7:0> 
output 
drivers 
disabled. 


tooLZ 
50 
C, =50pF 
tOOHZ 
50 
C, =50pF 
tooLZ 
60 
C,=100pF 
tOOHZ 
60 
C,= 
100pF 
tODl2 
65 
C, = 150pF 


tOOHZ 
65 
C, = 150pF 


tOOZL 
Propagation 
d~ 
of a valid low level on DS1 and DS2 (if 
CS is low and WR is high) to DL <7:0> 
output 
driver 


enabled. 
tOOZL 
0 
165 
C, = 150pF 
tOOZH 
0 
165 
C, = 150pF 


to, 
Hold time provided 
during 
a read cycle 
by Octal 
UART of 
valid high or low data on DL <7:0> 
after the rising 
edge 
of DS1 and DS2. 
0 


tOHO 
Hold time of a valid DL <7:0> 
to a valid high level of 
DS1 or DS2. 
30 


tOPWH 
Pulse width 
high of DS1 and DS2. 
450 


tOPwLA 
Pulse width 
low of DS1 and DS2 when 
WR is high (read 


operation). 
Refer to timing 
parameter 
toPW,walso. 
180 
10,000 


tOPWlW 
Pulse width 
low of DS1 and DS2 when 
WR is low (write 
operation). 
Refer to timing 
parameter 
toPW'Aalso. 
130 
10,000 


tosu 
Setup 
tim!LQ!.a 
valid 
DL <7:0> 
to the rising edge of 
DS1 and DS2. 
50 


.t103 
Propagation 
delay 
of a valid low level on DS1 and DS2 (if 
CS is low) to a high level on IRQ. 
635 
C, =50pF 


tROH4 
Propagation 
~ 
of a valid high level of CS to a valid 
high level on RDY. 
210 
C,=50pF 


tROl 
Propagation 
delay 
of a valid low level on CS to a valid 
low level on RDY. 
90 
C, =50pF 


twHO 
Hold time of a valid high or low level of WR to a valid high 
level of DS1 and DS2. 
10 


tw5u 
Setup 
time of a valid high or low level of WR to the falling 
edge 
of DS1 or DS2. 
30 


'Refer to Figure 9 for the load circuits used with these measurements. 
'The tOOL>and tooHZparameters are measured with C, = 150 pF. The values of tOOL>and tooHZfor C, ~ 50pF and C, = 100 pF have been derived for 
user convenience. 
'Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The t,o parameter can be calculated 
by the following: t,o= 500 + RC, where R = value of the resistor that connects to capacitor C, in load A, Figure 9. 
'Total rise time depends on internal delay plus the pullup delay introduced by the external resistor being used. The tAoHparameter can be calculated 
by the following: tRoH= 75 + RC, where R = value of the resistor that connects to capacitor C, in load A, Figure 9. 


Figure 12 shows the signal timing for the clock input, inter- 
rupt timing, effect of the RESET input on data strobe, data 
set carrier 
detect 
(OeD) 
and data set ready (DSR) input 
148 


timing, and the transmit data outputtiming. 
Table 11lists the 


timing parameters 
for Figure 12. 


IROlN<2,O>IRQTllRx 
t 
r 


'RQ 
---- 
\ 
~ 
~---- 


l,su_1 
J.-I'HO-----I 
I 


RESET~ 


IRES 
~L,,.. 
DS1DS2 
1 
1\ 
. 
(OASU 
. 


DCODSA 
< 70 
'> 
XJ 
V_A_lI_D_D_C_DI_D_SR_D_A_T_A 
~-------- 
_ 


1-. 
IOSpW 
• 


't:='TXSK==L. 
ITXSK--J~-----~ 


Symbol 
Definition 
Requirements (ns) 
Min. 
Load Circuit' 


!cp 
Period of CLK. 
203.45 (4.9152 MHz) 


!cOWH 
Pulse width high of CLK. 
95 


!cOWL 
Pulse width low of CLK. 
95 


tORHO 
Hold time of a valid high level of DSl and DS2 to a valid 
1,000 
high level of RESET. 


tOASU 
Setup time of a valid high level of DSl and DS2 to the 
900 
rising edge of RESET. 


tospw 
Pulse width high or low of DCD <7:0> 
and DSR <7:0>. 
1,000 


tlHO 
Hold time provided by Octal UART from a valid IRQLN 
100 
CL=50pF 


<2:0> 
and IRQTxRx to a valid high level of IRQ. 


tlSU 
Setup time provided by Octal UART from a valid IRQLN 
100 
CL=50pF 


<2:0> 
and IRQTxRx to a valid low level of IRQ. 


tAES 
Pulse width low of RESET. 
1,000 


tTXSK 
Pulse width high or low provided by Octal UART on the 
250 
CL=50pF 


TxD <7:0> 
lines. At each baud rate, the actual pulse 
widths provided vary by "XSK' This timing parameter 
should be used to determine cumulative reception/trans- 
mission errors. 


'Refer to Figure 9 for the load circuits used with these measurements. 
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Figure 
13 shows the input and output voltage waveforms 


for the propagation 
delay 
and setup 
and hold measure- 


ments. Figure 14 shows the waveforms 
for the three-state 


outputs 
measurement. 


VIH (2 4 VI 
_ 


INPUT ~'~~01~-------\ 


VIL (0,4 V) 
I \.----1-- 


tl-H 
r- 
IH-L 
I 


Vo12.0V)>-----;---'\\ 
I 
r 


OUT-Of-PHASE 
OUTPUT 
, 
/ 


Vo1108vI-- - - 
-t~.:~---f.--t-H-'L 


IN'PHASEOU::~:OVI---- 
- --I 
\L 


Vo (08 
Vl -----. 


FIGURE 13 - COM78C808 
PROPAGATION 
DELAY 
AND SETUP AND HOLD VOLTAGE WAVEFORMS 


OUTPUTCONT::l(~~~~1 -~- 
-~------ 


a.Bv 
---- 


VIlIO.4 
VI 
- - - -l- 


IZL (NOTE 3A) -1 


~ 


tlZ 
~(NOTE3q 


VOH (4 5 VJ 


OUTPUTISEENOTE 
,,'5V 
----_{-- 
------ 
- 


'om'~.~::::::~,~,~r' 
~'"'~~~~'"::~,:.. 


Your 
(AS MEASURED) 
I 
VOH -0.5 
V 
-- 
- 
VOH -0.5 
V 
1.5V 
1.5V 
OUTPUT 
VOL (NOTE 2) 
10.0VI 


NOTES 
1. 
INTERNAL 
CONDITIONS 
ARE SUCH THAT THE OUTPUT 
IS lOW 
EXCEPT WHEN 
DISABLED 
BY 


THE OUTPUT 
CONTROL 


STAN~D 
MICROSYSTEMS 


CORiiiPORii~irJONl.'I~I.•._ii"l"ii,::ii_ii""iiii,.ii~ii;ii=i 


Circuit diagrams utili~ing SM~ products are included as a means of illustrating typical semiconductor 
applications; 
con- 


sequently complete Information sufficient for construction 
purposes is not necessarily 
given. The information 
has been 


carefUlly check~ 
and i~ believed to be entirely reliable. However, no responsibility 
IS assumed 
for inaccuracies. 
Fur- 
thermore, s~ch Information does not convey to the purchaser of the semiconductor 
devices described 
any license under 
the patent rights of SMC or others. SMC reserves the right to make changes at any time in order to improve design and 
supply the best product possible. 
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STANDARD 
MICROSYSTEMS 


CORPORATION,@t 
COM 8004 


jLPC FAMILY 


Oual32 Bit CRC SOLC Generator/Checker 
CRC-32 


FEATURES 
o SDlC 
32 bit CRC 
o COM 5025 USYNRT 
Companion 
o Data Rate-2MHz 
typical 
o All Inputs and Outputs 
are TTl 
Compatible 
o Single +5 Volt Supply 
o COPlAMOS® 
N-Channel 
MOS Technology 


GENERAL DESCRIPTION 
SMC's COM 8004 is a dual 32-bit CRC Generator/ 
Checker 
for use with SDlC 
protocols. 
It is a 


companion 
device to SMC's COM 5025 USYNRT. 


It operates 
at bit rates from DC to 2.0 MHz from a 


single +5v supply 
and is housed 
in a 20 lead x 0.3 


inch DIP. All inputs and outputs 
are TTl 
compatible 


with full noise immunity. 


The COM 8004 is comprised 
of two independent 


halves, and each half may be operated 
in the check 


or generate 
mode. The polynominal 
used in 


computations 
is: 
X32+ X26+ X23+ X22+ X'6 + X12+ X" + X,o+ X8+ X7+ X5+ 
X4+ X2+ X + 1. 


The CRC register 
is initialized 
to all ones and the 


result is inverted 
before being appended 
to the 


message. The expected 
remainder 
is: 


X31+ X30+X26+ X25+ X24+ X'8+ X15+X14+X12+X" +X'o+ 
X8+ X6+ X5+ X4+ X3+ X + 1. 


Each half has a nine-bit 
serial data shift register. 


Data moves on the positive edge of the clock, and all 
clocked 
inputs are designed 
for zero-hold-time 


(e.g. 7474). A "clock 
out" pin provides 
gated clocks 


to the accompanying 
USYNRT 
(COM 5025). 


In the generate 
mode, computation 
is initiated 
upon 


detection 
of a flag character 
in the serial bit stream. 


CRC computation 
proceeds 
upon the serial data 


until a second 
flag is detected. 
ClK 
OUT to the 


SDlC 
transmitter 
is then halted, and the 32-bit CRC 


is passed out; ClK 
OUT is then resumed, 
and the 


flag character 
is passed out. Nonsignificant 
zeros 


are automatically 
stripped 
and stuffed, 
and shared 


flags are supported. 
If the data between flags is less 


than two full bytes, the CRC is discarded 
and the 


serial data stream remains 
unaltered. 
In the check 
mode, computation 
is similarly 


initiated 
upon detection 
of a flag. Detection 
of a 


second 
flag causes the conditional 
setting 
of the 


error flag. A separate 
reset pin is provided 
for the 


error flag. No error is flagged 
on messages 
of less 


than two full bytes between 
flags. Detection 
of an 


abort character 
(7 consecutive 
ones) in either mode 


causes computation 
to be reset and a search for an 


opening 
flag resumed. 


PIN CONFIGURATION 


MRA 
"----/ 
20 Vcc 


CLKINA 
2 
19 EFLGRB 


CLKOUTA 
3 
18 EFLGB 


SERINA 
4 
17 MODEB 


SEROUTA 
5 
16 ENAB 


ENAA 
6 
15 SEROUTB 


MODEA 
7 
14 SERINB 


EFLGA 
8 
13 CLKOUTB 


EFLGRA 
9 
12 CLKINB 


GND10 
11 MRB 


PACKAGE: 
20 pin D.I.P. 


I 


BLOCK DIAGRAM 
FOR ONE-HALF 
OF THE COM 8004 


MR 
eLK IN 


ENA 
CONTROL LOGIC 
MODE 
EFLGA_ 


~ 


TSO 
SERIN 
~ 
COM 
I 
COM 
SEA OUT 
5025 
TCP 
elK OUT 
8004 
-.-------t 
elK 
IN 


TX 


STAN~RD MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPOR 
I\'TV"\AI 
applications: consequentiy complete information sufficient for construction purposes is not necessarily given. 
I"'\llVn 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 


,,,_ 
•••• _" 
,,,•• assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


•• ""m 
,,,•. "'•• ,. no •••• semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 


152 


STANDARD MICROSVSTEMS 
CORPORATIONAI 
COM 8017 
COM 8502 


Universal Asynchronous Receiver/Transmitter 


UART 


FEATURES 
o Single +5V Power Supply 
o Direct TTL Compatibility- 
no interfacing 
circuits 


required 
o Full or Half Duplex Operation-can 
receive and 


transmit 
simultaneously 
at different 
baud rates 


o Fully Double 
Buffered-eliminates 
need for precise 


external timing 
o Start Bit Verification-decreases 
error rate 


o Fully Programmable- 
data word length; parity mode; 


number of stop bits: one, one and one-half, 
or two 


o High Speed Operation 
-40K 
baud, 200ns strobes 


o Master Reset- 
Resets all status outputs 


o Tri-State 
Outputs- 
bus structure 
oriented 


o Low Power- 
minimum 
power requirements 


o Input Protected-eliminates 
handling 
problem.s 


o Ceramic or Plastic Dip Package-easy 
board insertion 


o Compatible 
with COM 2017, COM 2502 


o Compatible 
with COM 8116, COM 8126, COM 8136, 
COM 8146, COM 8046 Baud Rate Generators 


GENERAL DESCRIPTION 


The Universal 
Asynchronous 
Receiver/Transmitter 
is 


an MOS/LSI 
monolithic 
circuit that performs 
all the 


receiving 
and transmitting 
functions 
associated 
with 


asynchronous 
data communications. 
This circuit 
is 


fabricated 
using SMC's patented COPLAMOS® 
tech- 


nology and employs 
depletion 
mode loads, allowing 


operation 
from a single +5V supply. The duplex 
mode, 
baud rate, data word length, parity mode, and number 
of stop bits are independently 
programmable 
through 


the use of external 
controls. 
There may be 5,6,7 
or 8 


data bits, odd/even 
or no parity, and 1, or 2 stop bits. In 


addition 
the COM 8017 will provide 1.5 stop bits when 


programmed 
for 5 data bits and 2 stop bits. The UART 


can operate in either the full or half duplex mode. These 
programmable 
features provide the user with the ability 


to interface 
with all asynchronous 
peripherals. 


Vcc 
NC 
Gnd 
ADE 
AD8 


RD7 
AD6 
AD5 
AD4 
AD3 
AD2 
AD1 


RPE 
AFE 
AOA 
SWE 
ACP 
RDAR 
RDA 


ASI 


'-' 
1 
40 
2 
39 
3 
38 


4 
37 
5 
36 
6 
35 
7 
34 
8 
33 
~oD~~ 
11 
30 


12 
29 


13 
28 
14 
27 


15 
26 


16 
25 
17 
24 
18 
23 


19 
22 
20 
21 


TCP 
POE 
NDB1 
NDB2 
NSB 
NPB 
CS 
TD8 
TD7 
TD6 
TD5 
TD4 
TD3 
TD2 
TD1 
TSO 
TEOC 
TiJS" 
TBMT 


MA 


NPB 
NSB 
NDB2 
NDB1 
POE 


I 


SWE 


TBMl 
APE 
AFE 
AOA 
ADA 


RDAA 


1 
2 ~'if 
3 
Gnd 


At start-up 
the power is turned 
on, a clock whose 


frequency 
is 16 times 
the 
desired 
baud 
rate 
is 


applied 
and master 
reset is pulsed. 
Under these 


conditions 
TBMT, TEOC, and TSO are all at a high 


level (the line is marking). 
When TBMT 
and TEOC are high, the control 
bits 


may be set. After this has been done the data bits 
may be set. Normally, 
the control 
bits are strobed 


into the transmitter 
prior to the data bits. However, 
as long 
as minimum 
pulse 
width 
specifications 


are not violated, 
TDS and CS may occur simulta- 
neously. 
Once 
the date 
strobe 
(TDS) 
has been 


pulsed 
the TBMT 
signal goes low, indicating 
that 


the data bits buffer register is full and unavailable to 
receive new data. 
If the transmitter 
shift register 
is transmitting 
pre- 


viously 
loaded data the TBMT signal remains low. 
If the transmitter 
shift register is empty, or when it is 


through 
transmitting 
the 
previous 
character, 
the 


data in the buffer register is loaded immediately 
into 


the transmitter 
shift register and data transmission 


commences. 
TSO goes low (the start bit), TEOC 


goes low, the TBMT 
goes high indicating 
that the 


data in the data bits buffer register has been loaded 
into the transmitter 
shift register and that the data 


bits buffer 
register 
is available 
to be loaded 
with 


new data. 
If new data is loaded into the data bits bufferregister 
at this time, TBMT goes low and remainsinthisstate 
until the present 
transmission 
is completed. 
One 


full character 
time is available for loading 
the next 


character with no loss in speed of transmission. 
Th is 


is an advantage 
of double buffering. 
Data transmission 
proceeds 
in an orderly 
manner: 


start bit, data bits, parity 
bit (if selected), 
and the 


stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC 
goes high. If TBMT 
is 


low, transmission 
begins 
immediately. 
If TBMT 
is 


high the transmitter 
is completely 
at rest and, if 


desired, new control 
bits may be loaded priortothe 


next data transmission. 


At start-up 
the power is turned 
on, a clock whose 


frequency 
is 16times the desired baud rate isapplied 


and master reset is pulsed. Thedataavailable(RDA) 
signal is now low. There is one set of control 
bits for 


both the receiver and transmitter. 
Data reception 
begins 
when 
the serial input 
line 


transitions 
from 
mark (high) 
to space (low). If the 


RSlline 
remains spacing for a 1/2 bittime, agenuine 


start bit is verified. Should the line return to a mark- 


ing condition 
prior to a 1/2 bit time, the start bit veri- 


fication 
process 
begins 
again. 
A mark to space 


transition 
must occur 
in order 
to initiate 
start bit 


verification. 
Once a start bit has been verified, data 


reception 
proceeds 
in an orderly 
manner: start bit 


verified 
and received, 
data bits received, parity bit 


received 
(if selected) 
and the stop bit(s) received. 


If the transmitted 
parity bit does not agree with the 


received 
parity 
bit, the parity error flip-flop 
of the 


c:t~tllC: wnrn 
hllff~r 
r~nic::.t~r ic::.c::.~thinh 
inrlir.;ltinn;l 


Once 
a full 
character 
has been 
received 
internal 


logic 
looks 
at the data available 
(RDA) signal. 
If, at 


this 
instant, 
the 
RDA 
signal 
is high 
the 
receiver 


assumes 
that the previously 
received 
character 
has 


not hAAn rA",rl ru,t ",nrl thA OVAr-rlln flin-flon. 
i!: !:At 


ceiving 
the next character. 
Due to the double 
buf- 


fered 
receiver, 
a full character 
time 
is available 
to 


remove 
the received 
character. 


CONTROL 
BITS 
FROM 
HOLDING 
REGISTER 


PIN NO. 
SYMBOL 
NAME 


Vcc 
Power 
Supply 


2 
NC 
No Connection 


3 
GND 
Ground 


4 
RDE 
Received 
Data 
Enable 


5-12 
RD8-RD1 
Receiver 
Data 
Outputs 


13 
RPE 
Receiver 
Parity 
Error 


14 
RFE 
Receiver 
Framing 
Error 


A low-level 
input enables 
the outputs 
(RD8-RD1) 
of the 


receiver 
buffer 
register. 


These are the 8 tri-state 
data outputs 
enabled 
by RDE. 


Unused 
data output 
lines, as selected 
by NDB1 and NDB2, 


have a low-level 
output, 
and received 
characters 
are right 


justified, 
i.e. the LSB always 
appears 
on the RD1 output. 


This tri-state 
output 
(enabled 
by SWE) is at a high-level 
if 


the received 
character 
parity 
bit does not agree with the 


selected 
parity. 


This tri-state 
output 
(enabled 
by SWE) is at a high-level 
if 


the received 
character 
has no valid stop bit. 


• 


DESCRIPTION 
OF PIN FUNCTIONS 


PIN NO. 
SYMBOL 
NAME 
FUNCTION 


15 
ROR 
Receiver 
Over 
This tri-state 
output 
(enabled 
by SWE) is at a high-level 
if 
Run 
the previously 
received 
character 
is not read (RDA output 


not reset) before the present 
character 
is transferred 
into 
the receiver 
buffer 
register. 


16 
SWE 
Status Word 
A low-level 
input enables 
the outputs 
(RPE, RFE, ROR, 


Enable 
RDA, and TBMT) 
of the status word 
buffer 
register. 


17 
RCP 
Receiver 
Clock 
This input 
is a clock 
whose 
frequency 
is 16 times 
(16X) the 
desired 
receiver 
baud rate. 


18 
ROAR 
Receiver 
Data 
A low-level 
input 
resets the RDA output 
to a low-level. 


Available 
Reset 


19 
RDA 
Receiver 
Data 
This tri-state 
output 
(enabled 
by SWE) is at a high-level 


Available 
when an entire character 
has been received 
and transferred 


into the receiver 
buffer 
register. 


20 
RSI 
Receiver 
Serial 
This input 
accepts 
the serial bit input stream. 
A high-level 


Input 
(mark) 
to low-level 
(space) 
transition 
is required 
to initiate 


data reception. 


21 
MR 
Master 
Reset 
This input 
should 
be pulsed 
to a high-level 
after power 


turn-on. 
This sets TSO, TEOC, 
and TBMT 
to a high-level 


and resets RDA, RPE, RFE and ROR to a low-level. 


22 
TBMT 
Transmitter 
This tri-state 
output 
(enabled 
by SWE) is at a high-level 
Buffer 
Empty 
when the transmitter 
buffer 
register 
may be loaded 
with 


new data. 


23 
TDS 
Transmitter 
A low-level 
input 
strobe 
enters the data bits into the 


Data Strobe 
transmitter 
buffer 
register. 


24 
TEOC 
Transmitter 
End 
This output 
appears 
as a high-level 
each time a full character 


of Character 
is transmitted. 
It remains 
at this level until the start of 


transmission 
of the next character 
or for one-half 
of a TCP 


period 
in the case of continuous 
transmission. 


25 
TSO 
Transmitter 
This output 
serially 
provides 
the entire 
transmitted 
Serial 
Output 
character. 
TSO remains 
at a high-level 
when 
no data is 


being transmitted. 


26-33 
TD1-TD8 
Transmitter 
There are 8 data input 
lines (strobed 
by TDS) available. 


Data Inputs 
Unused 
data input 
lines, as selected 
by NDB1 and NDB2, 


may be in either 
logic state. The LSB should 
always 
be 


placed 
on TD1. 


34 
CS 
Control 
Strobe 
A high-level 
input enters 
the control 
bits (NDB1, 
NDB2, 


NSB, POE and NPB) into the control 
bits holding 
register. 


This line may be strobed 
or hard wired to a high-level. 


35 
NPB 
No Parity 
Bit 
A high-level 
input 
eliminates 
the parity 
bit from 
being 
transmitted; 
the stop bit(s) 
immediately 
follow 
the last data 


bit. In addition, 
the receiver 
requires 
the stop bit(s) to follow 


immediately 
after the last data bit. Also, the RPE output 
is 


forced 
to a low-level. 
See pin 39, POE. 
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DESCRIPTION 
OF PIN FUNCTION 


PIN NO. 
SYMBOL 
NAME 
FUNCTION 


36 
NSB 
Number of 
This input selects the number 
of stop bits. A low-level 
input 
Stop Bits 
selects 1 stop bit; a high-level 
input selects 2 stop bits. 
Selection 
of 2 stop bits when programming 
a 5 data bit word 
generates 
1.5 stop bits from the COM 8017 or COM 8017/H. 


37-38 
NDB2, 
Number of Data 
These 2 inputs are internally 
decoded to select either5, 
6, 7, 


NDB1 
Bits/Character 
or 8 data bits/character 
as per the following 
truth table: • 


NDB2 
NDB1 
data bits/character 
L 
L 
5 
L 
H 
6 
H 
L 
7 
H 
H 
8 


39 
POE 
Odd/Even 
Parity 
The logic level on this input, in conjunction 
with the NPB 
Select 
input, determines 
the parity mode for both the receiver and 
transmitter, 
as per the following 
truth table: 


NPB 
POE 
MODE 
L 
L 
odd parity 
L 
H 
even parity 
H 
X 
no parity 
X = don't care 


40 
TCP 
Transmitter 
This input is a clock whose frequency 
is 16 times (16X) the 
Clock 
desired transmitter 
baud rate. 


TRANSMITTER TIMING-8 
BIT, PARITY, 2 STOP BITS 


I 


~ 


RECEIVER TIMING-8 
BIT, PARITY, 2 STOP BITS 
~~~ 
....·ID~T~a}~R~~1 
STOP1 
STOP2!START 


CENTER 
BIT 
SAMPLE 


ADA' 


ADA" 


I 
~ 
I'E- 
1/16 Bil time 
--- - ------ --------- 
-:1 


L...JL.....J 


~y 


-- - ··~t''':'~~Cle,,~h·''d'-\na.~''-U::neO'-11 
r~au~c; 
fJC;IIIIc1IICIIl 
Uc1IIIc1yt:: LU HIt:: ut::vu;e. 
I nls 
IS a suess 


rating 
only and functional 
operation 
of the device 
at these or at any other 
condition 
above 


those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When powering 
this device from laboratory 
or system powersupplies, 
it is important 


that the Absolute 
Maximum 
Ratings 
not be exceeded 
or device 
failure 
can result. 
Some 


power 
supplies 
exhibit 
voltage 
spikes 
or "glitches" 
on their outputs 
when the AC power 
is 


switched 
on and off. In addition, 
voltage 
transients 
on the AC power 
line may appear on the 


DC output. 
If this possibility 
exists 
it is suggested 
that at clamp 
circuit 
be used. 


Parameter 
Min. 
Typ. 
Max. 
Unit 
Comments 


D.C. CHARACTERISTICS 


INPUT 
VOLTAGE 
LEVELS 


Low-level, 
VIL 
0 
0.8 
V 


High-level, 
VIH 
2.0 
Vcc 
V 


OUTPUT 
VOLTAGE 
LEVELS 


Low-level, 
VOL 
0.4 
V 
10L= 1.6mA 


High-level, 
VOH 
2.4 
V 
10H= -100tJA 


INPUT 
CURRENT 


Low-level, 
IlL 
300 
tJA 
VIN = GND 


OUTPUT 
CURRENT 


Leakage, 
ILO 
±10 
tJA 
SWE = ROE = VIH, 0::; VOUT::; +5V 


Short 
circuit, 
los" 
30 
mA 
VOUT=OV 


INPUT 
CAPACITANCE 


All inputs, 
CIN 
5 
10 
pf 


OUTPUT 
CAPACITANCE 
-- 
-- 


Ail outputs, 
COUT 
10 
20 
pf 
SWE = ROE = VIH 


POWER 
SUPPLY 
CURRENT 


Icc 
25 
mA 
All outputs 
= VOH, All inputs 
= Vcc 


A.C. CHARACTERISTICS 
TA = +25°C 


CLOCK 
FREQUENCY 


COM8502, 
COM 8017 
DC 
640 
KHz 
RCP, TCP 


PULSE 
WIDTH 


Clock 
0.7 
tJs 
RCP, TCP 


Master 
reset 
500 
ns 
MR 


Control 
strobe 
200 
ns 
CS 


Transmitter 
data strobe 
200 
ns 
T"lJS 


Receiver 
data available 
reset 
200 
ns 
ROAR 


INPUT 
SET-UP 
TIME 


Data bits 
2::0 
ns 
TD1-TD8 


Control 
bits 
2::0 
ns 
NPB, NSB, NDB2, 
NDB1, POE 
INPUT 
HOLD 
TIME 


Data bits 
2::0 
ns 
TD1-TD8 


Control 
bits 
2::0 
ns 
NPB, NSB, NDB2, 
NDB1, 
POE 
STROBE 
TO OUTPUT 
DELAY 
Load = 20pf +1 TTL input 
Receive 
data enable 
350 
ns 
RDE: TpD1,TpDo 
Status 
word 
enable 
350 
ns 
SWE: TpD1,Tpoo 


OUTPUT 
DISABLE 
DELAY 
350 
ns 
RDE,SWE 


NOTES: 1. If the transmitter 
is inactive (TEOC and TBMT are at a high-level) the start bit will appear on the TSO line within 


one clock period (TCP) after the trailing edge of TDS. 


2. The start bit (mark to space transitiDn) will always be detected within one clock period Df RCP, guaranteeing 
a maximum start bit slippage of 1/16th of a bit time. 


3. The tri-state output has 3 states: 1) low impedanceto 
vccJtJEw 
impedanceto 
GND 3) high impedance OFF"" 
10M ohms The "OFF" state is controlled 
by the SW"E and 
inputs. 


I 


DATA INPUTS 
tr = tf = 20 ns 
TSET-UP 
2: 0 
THOLD 2:0 


Tm~ 
VIH 


VIL 
l 


"Input information 
(Data/Control) 
need only be valid during 
the last Tpw, min time of the input strobes (TOO, CS). 


OUTPUTS 
(RD1-RD8, RDA, 


RPE, RoR, RFE, TBMT) 


ROAR 


200ns 
TDS 
VIH 


V,L 
---------- 


TMBT 
VOL 


VOL 
400ns 


RDA 
300ns 


STANDARD MICROSYSTEMS 
CORPORATION 


Circuit 
diagrams 
utilizing 
SMC products 
are included 
as a means of illustrating 
typical 
semiconductor 
applica- 
tions; 
consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 
information 
has been carefully 
checked 
and 
is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is 
assumed 
for inaccuracies. 
Furthermore, 
such 
information 
does 
not convey 
to the purchaser 
of the semiconductor 
devices 
described 
any license 
under 
the patent 
rights 
of SMC 
or others. 
SMC 
reserves 
the right 
to make 
changes 


at any time 
in order 
to improve 
design 
and supply 
the best product 
possible. 


STANDARD MICROSYSTEMS 
CORPORATION" 
* 


COM81C17 


PRELIMINARY 


Twenty Pin UART (TPUART) 


FEATURES 
o Single Chip UART With Baud Rate Generator 
o Asynchronous 
Operation 


-16 Selectable 
Baud Rate Clock Frequencies 


(Internal) 
-External16x 
Clock (100 KBaud) 
-Character 
Length: 7 or 8 Bits 


-1 or 2 Stop Bit Selection 


o Small 20 Pin DIP (300 mil) or PLCC 
o Full or Half Duplex Operation 
o Double Buffering 
of Data 


o Programmable 
Interrupt Generation 


o Programmable 
ModemlTerminal 
Signals 


o Odd or Even Parity Generate 
and Detect 


o Parity, Overrun and Framing Error Detection 
o TTL Compatible 
Inputs and Outputs 


o High Speed Host Bus Operation 


(with no wait state) 


o Low Power CMOS 
o Single + 5V Power Supply 


I 


vcc 
CP, 
CP, 
TX 
RX 
RS 
INT 
CLOCK 
0, 
0, 


CP' 
19 
18 


171615 
1~~ 
CLOCK 
vcc 
20 
12 
0, 


Do 
1 
11 
0, 


0, 
2 
10 
GNO 


cs 
3 
9 
0, 
45678 


I~0' 0' 0l~ 


Package: 20-pin PLCC 


GENERAL 
DESCRIPTION 


The COM81 C17 TPUART 
is an asynchronous 
only recei- 
TPUART 
will signal the processor 
via interrupt when it has· 


ver / transmitter 
with a built in programmable 
baud rate gen- 
completely transmitted 
or received a character and requires 
erator 
housed 
in a twenty 
pin package. 
The TPUART 
service. Complete 
status information 
is available to the pro- 
receives serial data streams and converts them into paral- 
cessor through 
the status register. The TPUART 
features 
lei data characters 
for the processor. While receiving serial 
two general 
purpose 
control 
pins that can be individually 
data, the TPUARTwili 
also accept data characters 
from the 
programmed 
to perform 
as terminal 
or modem 
control 
processor 
in parallel format and convert them into serial for- 
handshake 
signals. 
mat along 
with start, 
stop and optional 
parity 
bits. The 


A 
~ 
CP1 
::: 
\ 
DO-D7 
~ 
v 
CP2 
~ 


DECODE 
CS 
-l 
-l 


IAO 
COM81C17 
r~ 


RS 
TWENTY 
TX 
:IJ 


PIN 
(JJ 


WR 
UART 
,z, 


RD 
w 
I\) 


INT 
0 


RX 


5.0688 MHZ 
i 


OSCILLATOR 


OR 
TTLCLOCK 
FIG 1. TYPICAL TPUART INTERFACE 
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INTERRUPT 
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• 
TRANSMIT 
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BUS 
r 
, 
y 
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TRANSMIT 
SHIFT 
REGISTER 
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" 


TRANSMIT 
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REGISTER 
r 
WRITE 
a 


DECODE 
~ 


LOGIC 


'"c 
• 
BAUD 
(J) 
- 
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RATE 
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REGISTER 
, 
RECEIVE 
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CONTROL 
~ 
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- 
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REGISTER r- 
RECEIVE 
, 
BUFFER 
I! 


~-ID 


DIP PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


1,2,5-7 
DATABUS 
Do-D, 
An 8 bit bi-directional DATABUS is used to interface the TPUART to the 
9,11-12 
processor Data Bus. 


3 
CHIP SELECT 
CS 
A low level on this input enables the TPUART for reading and writing to 
the processor. When CS is high, the DATABUS is in high impedance 
and the WR and RD will have no effect on the chip. 


4 
READ DATA 
RD 
A low pulse on this input (when CS is low) enables the TPUART to place 


STROBE 
the data or the status information on the DATABUS. 


8 
WRITE DATA 
WR 
A low pulse on this input (when CS is low) enables the TPUART to 


STROBE 
accept the data or control word from the DATABUS into the TPUART. 


10 
GROUND 
GND 
Power Supply Return 


13 
CLOCK 
ClK 
External TTl Clock Input (See Table 2) 


14 
INTERRUPT 
INT 
An interrupt request is asserted by the TPUART when an enabled condi- 


REQUEST 
tion has occurred in the Status Register.This is an active low,open drain 
output. This pin has an internal pullup register. 


15 
REGISTER 
RS 
During processor to TPUART communications, this input is used to indi- 


SELECT 
cate which internal register will be selected for access by the processor. 
When this input is low,data can be written to the TX Holding Buffer or 
data can be read from the RX Holding Register. When this input is high 
control words can be written to the Control Register or status information 
can be read from the Status Register. 


16 
RECEIVER 
RX 
This input is the receiver serial data. A high to low transition is required to 


DATA 
initiate data reception. 


17 
TRANSMITTER 
TX 
This output is the transmitted serial data from the TPUART. When a 


DATA 
transmission is concluded, the TX line will always return to the mark 
(High) state. 


18 
CONTROL 
CP1 
This control pin is an input only pin. It can be programmed to perform the 


PIN 1 
functions of CTS or DSR/DCD. 


19 
CONTROL 
CP2 
This control pin can be programmed to be either an input or an output. 


PIN2 
When in input mode, this pin can perform the functions of DSR/DCD. 
When in output mode this pin can perform the functions of DTR 
orRTS. 


20 
POWER 
Vcc 
+ 5V Supply Voltage 


SUPPLY 


words. This is following 
an internal reset. Following 
initiali- 


zation, the TPUART 
is ready to communicate. 


RESETTING 
THE TPUART 


The TPUART 
must be reset on power up. Since there is no 


external 
pin allocated 
for hardware 
reset, this is accom- 
plished by writing a One (HIGH) followed by writing a Zero 
(LOW) to the Control 
Register 
bit 7. Following 
reset, the 


TPUART enters an idle state in which it can neither transmit 
nor receive data. 


PROGRAMMABLE 
CONTROL PINS 
The TPUART 
provides two programmable 
control pins that 


can be configured 
to perform as modem or terminal control 


handshake signals. If no handshake signal is required, these 
pins can be used as general purpose one bit Input or Output 
ports. 


CP1 - is an input only pin that can be programmed 
to act 
INITIALIZING 
THE TPUART 
as the CTS (Clear To Send) handshake 
signal, where it will 


disable 
data transmission 
by the TPUART 
after the con- 
The TPUART is initialized by writing three control words from 
tents of the Transmit 
Shift Register 
is completely 
flushed 
the processor. Only a single address is set aside for Mode, 
out. When programmed 
as 1, CP1 will serve as a general 
Baud Rate Select, Interrupt Mask and TX Buffer Registers. 
purpose 
1 bit input port. The inverted state will be reflected 
Forthis to be possible, logic internal to the chip directs infor- 
in Status Register bit 0 (when programmed 
as CTS or gen- 
mation to its proper destination 
based on the sequence 
in 
eral purpose input bit). 
which it is written. 


CP2 - is an Input/Output 
pin. When configured 
as Output, 
Following internal reset, the first write to address zero (i.e. 
its state is directly controlled by the host processor via writes 
RS = 0) is interpreted 
as a Mode Control word. The second 
to the Control Register. This will serve the purpose of modem 
write is interpreted 
as Interrupt Mask word. The third write 
and terminal handshake signals as RTS (Request To Send), 
is interpreted 
as Baud Rate Select. The fourth and all sub- 
and DTR (Data Terminal Ready). When configured as Input, 
sequent 
writes 
are interpreted 
as writes to the TX Buffer 
its inverted state is reflected in the Status Register bit 1 and 


Register. 
read by the processor. This will serve the purpose of hand- 
There is one way in which control logic may return to antic- 
shake signals as DCD (Data Carrier Detect) and DSR (Data 
ipating 
a Mode, 
Interrupt 
Mask, 
and Baud 
Rate Select 
Set Ready). 
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I 


BIT 1 
o 
o 
1 
1 


MODE REGISTER 


BIT2 
o 
1 
X 
X 


CP2 is RTS output 
CP2 is GP output 
CP2 is GP input 
CP2 is GP input 


THE ON CHIP BAUD RATE GENERATOR 
The TPUART 
incorporates 
an on chip Baud Rate Genera- 


tor that can be programmed 
to generate sixteen of the most 


popular baud rates. The TPUART 
also allows the bypass- 


ing of the Baud 
Rate Generator 
by programming 
Mode 


Register bit 3 to accept a 16X external clock. The Baud Rate 
Generator 
will not assume any given baud rate upon power 


up, therefore 
it must be programmed 
as desired. 
The fol- 


lowing cha,rt is based on a 5.0688 MHz CLOCK frequency. 


TABLE 2 -16X 
CLOCK 
Clock Frequency 
= 5.0688 MHz 


Baud Rate 
Theoretical 
Actual 
Duty 
Select Reqister 
Baud 
Frequency 
Frequency 
Percent 
Cycle 
03 
0, 
0, 
Do 
Rate 
16XCIock 
16XCIock 
Error 
% 
Divisor 


0 
0 
0 
0 
50 
0.8 KHz 
0.8 KHz 
- 
50/50 
6336 
0 
0 
0 
1 
110 
1.76 
1.76 
- 
50/50 
2880 
0 
0 
1 
0 
134.5 
2.152 
2.1523 
0.016 
50/50 
2356 
0 
0 
1 
1 
150 
2.4 
2.4 
- 
50/50 
2112 
0 
1 
0 
0 
300 
4.8 
4.8 
- 
50/50 
1056 
0 
1 
0 
1 
600 
9.6 
9.6 
- 
50/50 
528 
0 
1 
1 
0 
1200 
19.2 
19.2 
- 
50/50 
264 
0 
1 
1 
1 
1800 
28.8 
28.8 
- 
50/50 
176 
1 
0 
0 
0 
2000 
32.0 
32.081 
0.253 
50/50 
158 
1 
0 
0 
1 
2400 
38.4 
38.4 
- 
50/50 
132 
1 
0 
1 
0 
3600 
57.6 
57.6 
- 
50/50 
88 
1 
0 
1 
1 
4800 
76.8 
76.8 
- 
50/50 
66 


1 
1 
0 
0 
7200 
115.2 
115.2 
- 
50/50 
44 


1 
1 
0 
1 
9600 
153.6 
153.6 
- 
48/52 
33 
1 
1 
1 
0 
19.200 
307.2 
316.8 
3.125 
50/50 
16 
1 
1 
-1 
1 
38.400 
614.4 
633.6 
3.125 
50/50 
8 


REGISTER DESCRIPTIONS 


TABLE 3 - COM81C17 MODE REGISTER 


DESCRIPTION 
(BITS 0-7) 


BIT 
DESCRIPTION 
0 
CP1- The Mode Register bit 0 determines whether the 
CP1 pin will be configured to provide the function of 
CTS or will serve as a general purpose 1 bit input port. 
In either case, its state will be reflected in Status Reg- 
ister bitO. 
0~CP1 
= CTS 
- 
HCP1 
= GP INPUT 


1 
CP21/0- The Mode Register bit 1 determines whether 
the CP2 pin will be configured as a general purpose 1 
bit output port or will serve as a general purpose 1 bit 
input port. When used as an input, its state is reflected 
in the Status Register bit 1. When used as an output, 
its state is controlled by the processor via the Control 
Register bit 1. 
0~CP2 = OUTPUT 
- 
HCP2 
= INPUT 


2 
CP2- The mode register bit 2 determines whether the 
CP2 pin will be configured to provide the function of 
RTS or will serve as a general purpose 1 bit output 
port. 
0~CP2 = RTS 
- 
HCP2 
= GP OUTPUT 


3 
CLOCK SELECT-The 
Mode Register bit 3 deter- 
mines whether the internal Baud Rate Generator will 
supply the TX and RX clocks or the clock on the clock 
pin will be used as a 16X clock. The Baud Rate Select 
Register contents will be bypassed when an external 
16Xclock is used. 


o = INTERNAL CLOCK 
1 = EXTERNAL CLOCK 
(16X) 


4 
PARITY ENABLE-The 
Mode Register bit 4 deter- 


mines whether parity generation and checking will be 
enabled. 


o = PARITY DISABLE 
1 = PARITY ENABLE 


5 
PARITY-The Mode Register bit 5 determines whether 
odd or even parity will be generated and checked. 


o = EVEN PARITY 
1 = ODD PARITY 


6 
# OF DATA BITS-The Mode Register bit 6 deter- 
mines the number of data bit that will be presented in 
each data character (i.e. 7 or 8). 


o = 7 BITS PER CHARACTER 
1 = 8 BITS PER 
CHARACTER 


7 
STOP BITS-The Mode Register bit 7 determines how 
many stop bits will trail each data unit (i.e. 1 or 2). 


0= 
1 STOP BIT 
1 = 2 STOP BITS 


A data frame will consist of a start bit, 7 or 8 data bits, 
an optional parity bit, and 1 or 2 stop bits. 


TABLE 4 - COM81 C17 STATUS REGISTERS 


DESCRIPTION 
(BITS 0-7) 


BIT 
DESCRIPTION 
0 
CP1- This reflects the inverted state of the control 
pinCP1. 


1 
CP2- This is active only when the CP2 pin is pro- 
grammed to be an input. It is set by its corresponding 
input pin and reflects the inverted state of the con- 
trol pin CP2. When the CP2 pin is programmed as an 
output, this bit is forced to a zero. 


2 
TX SHIFT REGISTER EMPTY-This signals the pro- 
cessor that the Transmit Shift Register is empty. A 
typical program will usually load the last character 
of a transmission and then monitor the TX SHIFT 
REGISTER EMPTY bit to determine when it is a safe 
time for disabling transmission. This bit is set when the 
Transmitter Shift Register has completed transmis- 
sion of a character, and no new character has been 
loaded in the Transmit Buffer Register.This bit is also 
set by asserting internal reset. This bit is cleared by: 
a. loading the TX Buffer Register 
3 
PARITY ERROR-This signals the processor that the 
character stored in the Receive Character Buffer was 
received with an incorrect number of binary "1" bits. 
This bit is set when the received character in the 
Receiver Buffer Register has an incorrect parity bit 
and parity has been enabled. This bit is cleared by: 
a. setting Reset Errors in the Control Register 
b. asserting internal reset 


4 
OVERRUN ERROR-This is set whenever a byte 
stored in the Receive Character Buffer is overwritten 
with a new byte from the Receive Shift Register 
before being transferred to the processor. This bit is 
cleared by: 
a. setting Reset Errors in the Control Register 
b. asserting internal reset 
5 
FRAMING ERROR-This is set whenever a byte in the 
Receive Character Buffer was received with an incor- 
rect bit format ("0" stop bits). This bit is cleared by: 


a. setting Reset Errors in the Control Register 
b. asserting internal reset 


6 
TX BUFFER EMPTY-This signals the processor that 
the Transmit Buffer Register is empty and that the 
TPUART can accept a new character for transmission. 
This bit is set when: 
a. a character has been loaded from the Transmit 
Buffer Register to the Transmit Shift Register 


b. asserting the TRANSMITTER RESET bit in the 
Control Register 


c. asserting internal reset 
This bit is cleared by: 
a. writing to the Transmit Buffer Register 
This bit is initially set when the transmitter logic is 
enabled by setting the TX Enable bit in the Control 
Register (also TX Buffer is empty because of reset). 
Data can be overwritten if a consecutive write is per- 
formed while TX Buffer Empty is zero. 
7 
RX BUFFER FULL-This signals the processor that a 
completed character is present in the Receive Buffer 
Register for transfer to the processor. This bit is set 
when a character has been loaded from the receive 
deserialization logic to the Receive Buffer Register. 
This bit is cleared by: 


a. reading the Receive Buffer Register 
b. asserting the RECEIVER RESET bit in the 


Control Register 


c. assertinQ internal reset 


TABLE 
5- COM81C17 
CONTROL 
REGISTER 
DESCRIPTION 
(BITS 
0-7) 


BIT 
DESCRIPTION 


0 
Not Used (test mode bit, must be Zero) 


1 
CP2- This bit controls the CP2 output pin. Data at the 
output is the logical complement of the register data. 
When the CP2 bit is set, the CP2 pin is forced low. 
When CP~TS, 
a 1 to 0 transition of the CP2 bit will 
cause the CP2 pin to go high one TXc time after the 
last serial bit has been transmitted. 
2 
RX ENABLE-This 
bit when reset will disable the set- 
ting of the RX BUFFER FULL bit in the Status Register 
which informs the processor of the availability of a 
received character in the Receive Buffer Register.The 
error bits in the Status Register will be cleared and will 
remain cleared when RX is disabled. 
3 
RX RESET-This will reset the receiver block only. 


4 
TX RESET-This will reset the transmitter block only. 


5 
TX ENABLE-Data 
transmission cannot take place by 


the TPUART unless this bit is set. When this bit is reset 
(disable), transmission will be disabled only after the 
preViouslywritten data has been transmitted. 


6 
RESET ERRORS-This bit when set will reset the par- 
ity,overrun, and framing error bits in the Status Regis- 
ter. No latch is provided in the Control Register for 
saving this bit; therefore there is no need to clear it 
(error reset = d6.RS. WR). 


7 
INTERNAL RESET-This bit enables the resetting of 
the internal circuitry and initializes access to address 0 
to be sequential. 


I 


INTERRUPT 
MASK 
REGISTER 
DESCRIPTION 
This is an eight bit write only register which is loaded by the 
processor. These bits are used to enable interrupts from the 
corresponding 
bits in the Status 
Register. This register 
is 


reset with internal reset. 


REGISTER 
DECODE 
& TRUTH 
TABLE 
The TPUART provides unique decode capability 
to three of 
the seven internal processor accessible 
register. These are 


the RX Buffer Register (read only), the Status Register (read 
only) and the Control 
Register 
(write only). The other four 


registers 
(write only) are decoded 
in a sequential 
manner 


following 
reset. 


DECODE 
TRUTH TABLE 


RS 
R5 
WR CS 
o 
0 
1 
0 
o 
1 
0 
0 
1 
0 
1 
0 
1 
1 
0 
0 
X 
X 
X 
1 


READ RX BUFFER 
REGISTER 
WRITE TO TX BUFFER 
REGISTER 


READ STATUS REGISTER 
WRITE TO CONTROL 
REGISTER 


DATA BUS IN TRI STATE 


The first write to address zero (RS = 0) will access the Mode 
Register, the second will access the Interrupt 
Mask Regis- 


ter, the third will access the Baud Rate Select Register, the 
fourth and all subsequent 
writes will access the TX Buffer 
Register. 


INTERNAL 
REGISTER 
SELECT 
A 
R 
R 
R 
Following reset, the decode sequence 
of writes to address 
S 
S 
S 
S 
o is as follows: 
0 
1 
2 
3 
0 
1 
1 
1 
AFTER 
RESET 


RSO - selects the Mode Control Register 
1 
0 
1 
1 
AFTER 
FIRST WRITE 
RS1 - selects the Interrupt Mask Register 
1 
1 
0 
1 
AFTER SECOND 
WRITE 
RS2 - selects the Baud Rate Select Register 
1 
1 
1 
0 
AFTER THIRD WRITE 
RS3 - selects the TX Buffer Register 
1 
1 
1 
0 
ALL SUBSEQUENT 
WRITES 
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MAXIMUM GUARANTEED 
RATINGS* 


Operating 
Temperature 
Range 
.........................................................................•............ 
0 to 70°C 


Storage 
Temperature 
Range. 
.. . . . . . . .. . . . . .. . . . 
. . .. . . . . .. . . 
. . . . . . 
. . . 
. . . . 
- 55 to 150°C 
Lead Temperature 
(soldering, 
10 seconds) 
.............................................................•............. 
+ 325°C 


Positive 
Voltage 
on any pin .......................................................................•................. 
Vcc+0.3V 


Negative 
Voltage 
on any pin, with respect 
to ground. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.3V 
Maximum 
Vcc 
+ 7V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or any other condition 
above those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from the laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not be exceeded 
or device 
failure 
can result. 
Some 
power supplies 
exhibit 
voltage 
spikes 
or "glitches" 
on their outputs 
when 
the AC 


power is switched 
on and off. In addition, 
voltage 
transients 
on the AC power line may appear 
on the DC output. 
If this possibility 
exists, 
it is suggested 
that a clamp circuit 
be used. 


HIGH OUTPUT 
VOLTAGE 


INPUT 
LEAKAGE 
CURRENT 


INPUT 
CAPACITANCE 


POWER 
SUPPLY 
CURRENT 


TYP 
MAX 


0.8 


0.4 


±10 


10 


15 


s~!!~~!~!~ARY 


parametnc 
IimilS are s~gt:::;:~:~n 


UNITS 
COM MEN I;:, 
llnga. 


TABLE 6 - ELECTRICAL 
CHARACTERISTICS 
T = Q·Cta +7Q·CVcc = 5.QV::': 5% 


PARAMETER 
SYMBOL 


DC CHARACTERISTICS 


LOW INPUT 
VOLTAGE 


HIGH INPUT 
VOLTAGE 


LOW OUTPUT 
VOLTAGE 
10L = 5.0ma 
D.-D, 


10L = 3.5ma 


10" = 100 fLa 


SYMBOL 
DESCRIPTION 
MIN 
TYP 
MAX 
UNITS 


AC CHARACTERISTICS 


WRITE 
CYCLE 


t, 
CS, RS to WR 1setup time 
50 
ns 


t2 
CS, RS hold time to WR i 
0 
ns 


t, 
WR pulse width 
100 
ns 


4 
Data BUS in setup time to WR i 
75 
ns 


Is 
Data BUS in hold time to WR i 
10 
ns 
READ CYCLE 
t. 
CS, RS to RD 1setup time 
50 
ns 


t, 
CS, RS hold time to RD i 
0 
ns 


t. 
RD pulse width 
100 
ns 


t. 
Data access 
time from RD 1 
0 
60 
ns 
@50pfmax 


t,. 
Data hold time from RD i 
0 
60 
ns 
@50pfmax 
GENERAL 
TIMING 


t" 
Reset Pulse Width 
1.0 
fLS 


t" 
CP1 active to INT 
300 
ns 
@25pf 
t13 
WR rising edge to CP2 change 
200 
ns 


t" 
CP1, CP2 pulse width 
1.0 
fLS 


t" 
Read Write Interval 
100 
ns 


CP1, CP2 data 


Rise Time 
30 
ns 
@25pf 


Fall Time 
30 
ns 
@25pf 
Clock Frequency 


Rise Time 
30 
ns 
Fall Time 
30 
ns 
Internal 
Baud Rate Mode 
11.0 
MHz 
External 
Baud Rate Mode 
1.6 
MHz 
Duty Cycle 
40/60 
% 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli- 
cations: consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon- 
ductor devices described any license under the patent rights of SMC or others. SMC reserves the right to 
make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSVSTEMS 
CORPORATION,fI 


Printer Adapter Interface (PAl) 


FEATURES 
D Fits Popular Centronics 
Printer Interface 


D Programmable 
parallel printer interface 


D Completely 
TTL-compatible 
I/O 
D Reduces system package count 
D User-controlled 
interrupt request 


D Fully compatible 
with Z-80 
and 8086 microprocessor 


family 
D High current, direct drive printer interface pins 
D On-chip 
oscillator can be used to generate 1.5 MHz to 


20 MHz oscillation 


D Baud rate generation 
for serial communication 


D Single 5V supply 
D Low power CMOS 


1 
40 


2 
39 
3 
38 
4 
37 
5 
36 
6 
35 
7 
34 
8 
33 
1~D~~ 
11 
30 
12 
29 
13 
28 


14 
27 
15 
26 
16 
25 
17 
24 
18 
23 
19 
22. 


Vss 
20 
21 


x, 
X, 


ClK 


DClK 
RST 


lOW 
lOR 


DIR 


COM82C11 


PRELIMINARY 


voo 
A, 


Ao 


Po 
P, 
P, 
P, 
P, 
P5 
P, 
P, 


ERROR 
SlCT 
PE 


ACK 
BUSY 
STROB 


AUTOFD 
INIT 
SlCT 


• 


The 
COM82C11, 
Printer 
Adapter 
Interface 
(PAl), 


fabricated with a silicon gate CMOS process, offers parallel 
port interface 
between 
the CPU 
and the printer, 
and is 


especially 
suitable to printer adapter for industry-standard 


personal computers. 
The COM82C11 
can directly connect to a parallel printer 


connector. 
Printer data bus pins can each source 2.6 mA 


and sink 24 mA. Each of the four printer control 
pins can 


source 500f.lA and sink 7mA. The COM82C11 
fits the well- 


known Centronics 
printer interface. 


The PAl is also suitable for a personal computer 
interface 


board 
which 
contains 
RS-232C 
interface 
or display 


interface. The on-chip 
oscillator 
and 710 
divider can be 


used to offer the BAUD-rate 
clock with RS-232C 
interface 
or the dot clock with monochrome ~SPI'6interface. 


The user can use the Data Bus, I 
R, I 
W, IRQ, CST and 


CS2 
pins 
to 
interface 
the 
PAl 
with 
8086 
or 
Z-80 


microprocessors. 


FIGURE 1- 


BLOCK DIAGRAM 


PIN NO. 
SYMBOL 
NAME 
I/O 
DESCRIPTION 


1 
X1 
Crystal 
In 
I 
X1, X2 are the pins to which 
a crystal 
(whose frequency 
is 


2 
X2 
between 
1.5 MHz and 20 MHz) is attached. 
A TTL clock 
can be 


used on Pin 2 (X,) through 
a pull up resistor. 
Pin 1 is left open. 


3 
CLK 
Clock 
Out 
a 
A buffer oscillating 
clock output whose 
frequency 
is the same as 


the crystal. 


4 
DCLK 
Divided 
Clock 
a 
A buffer clock 
output whose 
frequency 
is one-tenth 
that of Pin 3. 


5 
RST 
Reset 
I 
An active 
high RESET 
pin. 


When 
activa~rinter 
control 
outputs 
STROB, 
AUTOFD, 
SLCT 


are inactive, 
INIT is active, and IRa 
is disabled 
remaining 
high 


impedence. 


6 
lOW 
I/O Write 
I 
A "Low" 
on this pin permits 
the CPU to write data or control 
words 


to the "PAl". 


7 
lOR 
I/O Read 
I 
A "Low" 
on this pin permits 
the "PAl" 
to send data, control 
words 


or printer status to the CPU. It allows the CPU to read from 
the PAl. 


8 
DIR 
Direction 
a 
This output pin is active 
high only when 
CS1, CS2 and lOR are 


activated. 
It is low for all other cases. 


It indicates 
the direction 
of data transfer 
between 
CPU data bus 
and the PAl. 
When 
activated 
the PAl sends 
data, control 
words 
or printer status 


toCPU. 


9-16 
DO-D7 
System 
Data Bus 
I/O 
These 
bidirectional 
8-bit 
data bus pins are connected 
to the 


system 
data bus. 


Data or control 
words 
are transmitted 
or received 
upon execution 


of input or output instructions 
by the CPU. Status information 
of 


the printer 
is also received 
through 
the data bus. 


17 
IRQ 
Interrupt 
Z/O 
This is an interrupt 
request 
output pin, which 
is generated 
when 


Request 
ACK is activated 
low. 


This pin is enabled 
by writing 
D4 = 1 in the control 
word, and is 


high impedance 
when 
D4 = O. 


When 
RST is activated, 
this pin is put into a high impedance 
state. 


18 
CS1 
Chip Select 
I 
When CS1 = 0 and CS2 = 0, it enables 
the communication 


19 
CS2 
between 
the CPU and the PAl. 


20 
V•• 
Ground 
Power ground 
pin. 


21 
SLCT 
Printer 
Select 
a 
When 
activated 
low, the printer is selected. 


This pin is programmable 
in bit D3 by writing 
a control 
command. 


Writing 
a one to D3 outputs 
a low on the SLCT 
pin. 


22 
INIT 
Initiate 
a 
When 
activated 
low, the printer 
buffer is cleared. 
This pin is 


programmable 
in bit D2 by writing 
a control 
command 
and the PAl 


outputs 
D2 signal to this pin. 


The pulse width of the fNli must be more than 50 J.lS for initiation 
of the printer. 


23 
AUTOFD 
Auto Feed 
a 
When this pin is low, the printer 
is fed automatically, 
one line after 


printing. 
This pin is programmable 
in D1 by writing 
a control 
command. 


Writing 
a one to D1 outputs 
allow on the sm pin. 


24 
STROB 
Data Strob 
a 
When 
activated 
low, the printer reads in the data on printer data 


bus PO - 
P7. 


It syncronizes 
data strobe 
between 
PAl and printer. This pin is 


programmable 
in bit DO by writing 
a control 
command, 
and writing 


a one to DO outputs 
a low on the SLCT pin. Read-in 
of data is 


performed 
at the low level of this signal. 


25 
BUSY 
Busy State 
I 
This is an output from the printer. 
A "High" 
indicates 
that the printer can't receive 
data "During 
Data 


Entry", "During 
Part of Paper 
Feed", 
"During 
Printer 
Error Status", 


"During 
Printing" 
or "In Off-Line 
State". The CPU can read this 


status in D7 by "Reading 
Status". 


26 
ACK 
Acknowledge 
I 
This is an output from the printer. 
A "Low" 
indicates 
that data bus has been received 
and that the 


printer is ready to accept 
other data. The CPU can read this status 


in D6 by a "Read 
Status" 
command. 


PIN NO. 
SYMBOL 
NAME 
I/O 
DESCRIPTION 


27 
PE 
Paper End 
I 
This is an output from the printer.A "High" indicates that the 
printer is out of paper. The CPU can read this status in D5 by a 
"Read Status" command. 


28 
SLCT 
Printer Selected 
I 
This is always "High" unless the printer power is down. The CPU 


Status 
can read this status in D4 by a "Read Status" command. 


29 
ERROR 
Error Status 
This is an output from the printer. 
It is "Low" only when the printer is in error status as shown below: 
(1) Paper end status. 
(2)Abnormal motor operation. 
(3)Off-line state. 
The CPU can read this status in D3 by a "Read Status" 
command. 


30-37 
PO-P7 
Printer Data Bus 
0 
These output pins send out the data to the printer as specified by 
the CPU in a "Write Data" command. They are compatible with 
TIL logic level. The CPU can also "Read Back" the data which 
the CPU last wrote by a "Read Data" command. 


38 
AO 
Address 
I 
These input addresses in conjunction with lOR, lOW, CS1 and 
39 
A1 
CS2 control the selection of one of the five commands. 


40 
Voo 
Power Supply 
+5V. 
I 


Note: 
The CPU can "Read Back" the control command it last wrote by reading the contr.olword. There are STROB, AUTOFD INIT, 
SLCT and IRQEN on the data bus DO- D7. 


FUNCTIONAL DESCRIPTION 


When reset is activated (RST=1 l, STROBE=1, AUTOFD=1, 
PAl offers five kinds of commands 
selected by AO, A1, lOW, 


INIT=O, SLCT=1, and Interrupt Request "IRQ" 
is disabled. 
lOR and CS1, CS2 as shown below: 


Input 
Output 


CS1 
CS2 
A1 
AO 
lOR 
lOW 
DIR 
Operation 


1 
x 
x 
x 
x 
x 
O' 


1 
x 
x 
x 
x 
O' 
PAl not activated. 
x 


0 
0 
0 
0 
1 
0 
0 
Write data to the printer. 


0 
0 
0 
0 
0 
1 
1 
Read data on printer data bus. 


0 
0 
0 
1 
0 
1 
1 
Read status from the printer. 


0 
0 
1 
0 
1 
0 
0 
Write control word to the printer. 


0 
0 
1 
0 
0 
1 
1 
Read control word on printer control bus. 


0 
0 
Others 
(No operation.") 
- 
Notes: 
• When CS1 = 1 or CS2 = 1, OIR = 0, indicates that 00 - 
07 remain "I/O Write" state even though intennal data bus is not used. 
•• It is illegal to read anything when chip select is active and AO= A1 = 1. 


READ DATA on PRINTER DATA BUS 
At the falling edge of lOR, data latched on PO - 
P7 is set 


back to the CPU through DO- 
D7. The CPU reads back the 


03 


CONTROL Si nal 
IRQEN 
SLCT 


The control signals are latched on printer control bus at the rising edge of lOW, 
Note: 
"Interrupt Request Enable (IRQEN~resent 
on any output pin, but enables the output pin IRQ when 04 = 1, and disables IRQ (high 


impedance) when 04 = O.SLCT, AUTOFO and STROB are inverted on 03, 01 and 00 individually, 


READ CONTROL 
WORD on PRINTER CONTROL 
BUS 


At the falling edge of lOR, IRQEN control bit SLCT pin, INIT pin, AUTOFD pin and STROB pin are sent back to the CPU on 
D4, D3, D2, D1 and DO individually. 
(1) When writing control words D4 = 0 ----- 
IRQ pin floating. 


(2) When writing control words D4 = 1 ----- 
IRQ = ACK. 
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MAXIMUM 
GUARANTEED 
RATINGS' 
Operating Temperature 
Range 
O°C to + 70°C 
Storage Temperature 
Range 
-65°C 
-150°C 
Lead Temperature 
(soldering 
10 sec.) 
+300°C 
Positive Voltage on any I/O Pin, with respect to ground 
Vcc + O.3V 
Negative Voltage on any I/O Pin, with respect to ground 
-O.3V 
Maximum 
Vcc 
.•..•.•.............•.•.•...................•.•.•.•............•.•..•.••.......•.••.• 
+7V 


* Stresses 
above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation 
of the device 
at these or at any other condition 
above those indicated 
in the operational 
sections 
of this 
specification 
is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum 


Ratings not be exceeded 
or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 
on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the DC 
output. For example, the bench power supply programmed 
to deliver +5 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested 
that a clamp circuit be used. 


TABLE 2 - 
ELECTRICAL CHARACTERISTICS 
(Ta = Co -70°C, Vcc= +5V ± 5%, C1 = 50pF) 
D.C. Characteristics 


SYMBOL 
PARAMETER 
MIN. 
TYP. 
MAX. 
UNITS 
COMMENTS 


V'L 
Input low 
Voltage 
- 
0.4 
0.8 
V 


V'H 
Input High Voltage 
2.0 
2.4 
- 
V 


VOL 
Output 
low 
Voltage 
0.4 
0.5 
V 
10L= Max 
VOH 
Output 
High Voltage 
2.4 
- 
- 
V 
10H= Max 
I,N 
Max. Input Current 
- 
- 
±10 
J1V 
V'N = Vcc or GND 


10Lo 
Output 
Sink Current 
Printer 
Data Bus = 0 
20 
24 
- 
ma 
VOL = 0.45V 


10Ho 
Output 
Source 
Current 
Printer 
Data Bus = 1 
2.0 
2.6 
- 
ma 
VOH= 3.0V 
IoLc 
Output Sink Current 


Printer Control 
Bus = 0 
7.0 
- 
- 
ma 
VOL = 0.45V 


10Hc 
Output Source 
Current 
Printer Control 
Bus = 1 
- 
0.5 
1.5 
ma 
VOH= 3.0V 


' 
FL 
Floating 
Pin leakage 
- 
- 
±10 
J1a 
VFL = Vcc or GND 
lop 
Operation 
Current 
- 
10 
30 
ma 


A.C. Characteristics 


SYMBOL 


WRITE 


Tww 
Write Pulse Width 
200 
- 
ns 


TAw 
Address 
to lOW Set-up 
Time 
0 
- 
ns 
TWA 
Address 
Hold Time after lOW 
20 
- 
ns 
Tow 
Data to lOW Set-up 
Time 
70 
- 
ns 
Two 
Data Hold Time after lOW 
30 
- 
ns 
TwoL 
lOW = 1 to Data latched 
- 
90 
ns 


TAA 
Read Pulse Width 
300 
- 
ns 


Too 
DIR Delay after lOR 
- 
35 
ns 


TAA 
Address 
to lOR Set-up 
Time 
0 
- 
ns 


TAA 
Address 
Hold Time after lOR 
20 
- 
ns 
TpA 
Printer 
Bus to lOR Set-up 
Time 
0 
- 
ns 


TAP 
Printer 
Bus Hold Time after lOR 
0 
- 
ns 


TAos 
lOR to DO - 
D7 Output 
_ 
- 
70 
ns 
TAoA 
DO - 
D7 Released 
after lOR 
- 
30 
ns 


TAsw 
Reset Pulse Width 
40 
- 
ns 
TAscH 
Reset to Control 
Bus ~STROB, 
AUTOFD, 
SlCT) 
Propagation 
Delay 
- 
150 
ns 


TRS1N 
1 
Reset to Control 
Bus INIT = 0 Propagation 
Delay 
- 
60 
ns 
TASIR Z 
IRQ MIGH -z after RST 
- 
50 
ns 
T,o 
ACK to IRQ Propagation 
Delay 
- 
45 
ns 


T,z 
IRQ Disable 
Time 
- 
50 
ns 


T'E 
IRQ Enable 
Time 
- 
50 
ns 
TAs,z 
IRQ High-z 
after RST 
- 
50 
ns 
TOCKD 
ClK 
to OClK 
Propagation 
Delay 
- 
10 
ns 


DO- D7 
DATA BUS 


PO-P7 
OR 


PRINTER 


CONTROL BUS 


X 
2.0V 
2 
0 


·.0 
aX 
______ 
o.av 
TEST POINT 
_ 
•••• 
_ 


t= 


T'E 


T,z 
I 
~-::::F::..:-:::j 


FLOATING 


FIGURE 4-INTERRUPT 
REQUEST WAVEFORM 
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I 


DATA ON 
PRINTER 
DATA BUS 


OR CONTROL 
BUS 


OR STATUS 
BUS 


I 
TRsw 
I 
I " 
• 
V----i 


---------, 
T 


RscH 
I 
1----------------- 


I • 
.1 
I 
___ 1----- 


I 
TRSIN'~I 
I" 
. 
1I 
1 
1---------------- 
1 


T RSIR 2 
: 
· 
)_---F-L-O-A-T--_( 
_ 


TYPICAL APPLICATIONS 


PRINTER 25-PIN 


A31 
AO 
OSHELL 
CONNECTOR 


A30 
A1 
2 
OATAO 
PO 
CS1 
P1 
3 
OATA1 


ADDRESS 
CS2 
P2 
4 
OATA2 


P3 
5 
OATA3 


P4 
6 
OATA4 


P5 
7 
OATA5 


P6 
8 
OATA6 I 


OIR 
P7 
9 
OATA7 


DO 
OIR 
Al 
DO 
A9 
B1 
A2 
01 
PAl 
01 
A8 
02 
B2 
STROB 
1 
STROB 
PSLOT 
A7 
03 
B3 
A3 
02 
AUTOFO 
14 
AUTOFO 
A6 
04 
B4 
A4 
03 
INIT 
16 
INIT 
A5 
05 
B5 
SLCT 
17 
SLCT 
A4 
B6 
A5 
04 
A3 
06 
B7 
A6 
05 
07 
A2 
B8 
A7 
06 
ACK 
OE 
A8 
07 
ACK 


BUSY 
BUSY 


LS245 
PE 
PE 


RESET 
B2 


lOW 
RST 
SLCT 
SLCT 
ERROR 
ERROR 
B13 


lOR 
lOW 
B14 
lOR 


B21 
IRQ 


FIGURE 7-PAI 
ON PRINTER 
CARD 


CS 
8250 
UART 


X1 


CSl 
NC 
AO 
A1 


DO 
19 
X2 


01 
B1 
G 
A1 
DO 


SLOT 
02 
B2 
A2 
01 


03 
B3 
A3 
02 


04 
B4 
LS 
A4 
03 
PO 
B5 
A5 
04 
P1 


05 
B6 
245 
A6 
05 
P2 
P3 
07 
B7 
A7 
06 
P4 


B8 
A8 
07 
P5 


OIR 
P6 
lOR 
P7 


lOW 
lOR 
STROB 
lOW 
AUTOFD 


RESET 
"S[Q' 


RST 
INIT 


IRQ7 
SLCT 
IRQ 
BUSY 


PE 


CS2 
ACK 


ERROR 


OATAO 
OATA1 
OATA2 
OATA3 
OATA4 
OATA5 
OATA6• 


iNlT 
SLCT 
BUSY 
PEL 


PACKAGE INFORMATION - MILLIMETER (INCH) 


40 LEAD PLASTIC 
DIP 


o 
T 


14.22 
(0.560) 


13.72 
(0.540) 
1- 
o 


3.43 (0.1351 


3.05 (0.1201 


STANDARD 
MICROSYSTEMS 


CORPORAT1ONf,,_ 
•• -- 
"" •• 


(~161273-J1C1O IWX ~1O'127 ll898 


515 
(2.080) 


51.0 (2.050) 
--r 


1..5.5 
(0.216) 
max. 
TL 


0.51 
(0.20) min. 


2.79 (0.110) 


2.29 (0.090) 


0.5310.021 
) 


0.36 (0.015) 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applications: 
conse· 


quently complete information sufficient for construction 
purposes is not necessarily given. The information has been carefully 


checked and is believed to be entirely reliable. However, no responsibility 
is assumed for inaccuracies. 
Furthermore, 
such 
information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of 


SMC or others. SMC reserves the right to make changes at any time in order to improve design and supply the best product 
possible. 


COM 8251A 
jLPCFAMILY 


Universal Synchronous/Asynchronous 
Receiver/Transmitter 
USART 


o Asynchronous 
or Synchronous 
Operation 


- 
Asynchronous: 
5-8 Bit Characters 
Clock Rate -1, 
16 or 64 X Baud Rate 


Break Character Generation 
1,1 'h or 2 Stop Bits 
False Start Bit Detection 
Automatic 
Break Detect and Handling 


- 
Synchronous: 
5-8 Bit Characters 
Internal or External Character Synchronization 
Automatic 
Sync Insertion 


Single or Double Sync Characters 
Programmable 
Sync Character(s) 
o Baud Rate-Synchronous-DC 
to 64K Baud 


-Asynchronous-DC 
to 19.2KBaud 
o Baud Rates available from SMC's COM 8116, 
COM 8126, COM 8136, COM 8146, and COM 8046 
o Full Duplex, Double Buffered Transmitter and 


Receiver 
o Odd parity, even parity or no parity bit 
o Parity, Overrun and Framing Error Flags 
o Modem Interface Controlled 
by Processor 
o All Inputs and Outputs are TTL Compatible 


GENERAL DESCRIPTION 
The COM 8251A is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® 
technology 
that 


meets the majority of asynchronous 
and synchronous 


data communication 
requirements 
by interfacing 


parallel digital systems to asynchronous 
and 


synchronous 
data communication 
channels while 


requiring 
a minimum of processor overhead. The 


COM 8251A is an enhanced version of the 8251. 
The COM 8251A is a Universal Synchronous/ 
Asynchronous 
Receiver/Transmitter 
(USART) 


designed for microcomputer 
system data 


communications. 
The USART is used as a peripheral 


and is programmed 
by the processor to communicate 


in commonly 
used asychronous 
and synchronous 


serial data transmission 
techniques 
including 
IBM 


Bi-Sync. The USART receives serial data streams and 
converts them into parallel data characters for the 
processor. While receiving serial data, the USART 
will also accept data characters from the processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
has completely 
received or transmitted 
a character 


and requires service. Complete USART status, 
including 
data format errors and control signals such 


as TxE and SYNDET, is available to the processor at 
any time. 


02 1 
03 2 


RxO 
3 


GNO 
4 
04 
5 
05 6 


06 
7 
07 8 


TxC 
9 


WR 10 


CS 
11 


c/o 12 


RO 
13 


RxROY 
14 


28 01 


27 DO 


26 Vcc 


25 RxC 


24 
OTR 


23 
RTS 


22 
OSR 


21 
RESET 


20 ClK 


19 TxO 


18 TxEMPTY 


17 CTS 


16 SYNOET/BO 


15 TxROY 


o Compatable 
with Intel 8251A, NEC ,uPD8251A 
o Single +5 Volt Supply 
o Separate Receive and Transmit TTL Clocks 
o Enhanced version of 8251 
028 
Pin Plastic or Ceramic DIP Package 
o COPLAMOS® 
N-Channel 
MOS Technology 


RxRD'l' 


R.C 


SYNDETI 
BRKOET 


I 


INPUT/ 
PIN 
NO. 
SYMBOL 
NAME 
OUTPUT 
FUNCTION 


1,2,27, 
02,03, 
DO 
DATA 
BUS 
I/O 
An 8-bit, 
3-state 
bi-directional 
DATA 
BUS used to interface 
the 
28,5-8 
01,04-07 
COM 
8251A 
to the 
processor 
data bus. Data 
is transmitted 
or 


received 
by the bus in response 
to input/output 
or ReadlWrite 


instructions 
from 
the processor. 
The DATA 
BUS also transfers 


Control 
words, 
Command 
words, 
and Status. 


3 
RxD 
RECEIVER 
DATA 
I 
This 
input 
receives 
serial 
data into the USART. 


4 
GND 
GROUND 
GND 
Ground 


9 
TxC 
TRANSMITTER 
I 
The TRANSMITTER 
CLOCK 
controls 
the serial character 
trans- 


C[(jCJ( 
mission 
rate. In the Asynchronous 
mode, 
the TxC frequency 
is 


a multiple 
of the actual 
Baud Rate. Two bits of the Modelnstruc- 


tion selectthe 
multiple 
to be 1X, 16X, or64Xthe 
Baud Rate. In the 


Synchronous 
mode, 
the 
TxC 
frequency 
is automatically 
se- 


lected 
to equal 
the actual 
Baud 
Rate. 


Note 
that 
for 
both 
Synchronous 
and 
Asynchronous 
modes, 


serial data is shifted 
out oftheUSART 
bythefallingedgeof'TXC. 


10 
WR 
WRITE 
DATA 
I 
A "zero" 
on this 
input 
instructs 
the COM 
8251A to accept 
the 


data 
or control 
word 
which 
the processor 
is writing 
out to the 


USART 
via the DATA 
BUS. 


11 
CS 
CHIP 
SELECT 
I 
A "zero" 
on this input enables 
the USARTfor 
reading 
and writing 


to the processor. 
When 
~ 
is high, the DATA 
BUS is in the float 


state and RD andWR' 
will have no effect 
on the chip. 


12 
C/O 
CONTROUDATA 
I 
The 
Control/Data 
input, 
in conjunction 
with 
the WR and ffi) 


inputs, 
informs 
the USART 
to accept 
or provide 
either 
a data 


character, 
control 
word or status 
information 
via the DATA 
BUS. 


0= 
Data; 
1 = Control/Status 


13 
RD 
READ 
DATA 
I 
A "zero" 
on this input 
instructs 
the COM 8251A to place the data 


or status 
information 
onto 
the 
DATA 
BUS 
for the 
processor 


to read. 


14 
RxRDY 
RECEIVER 
READY 
0 
The 
RECEIVER 
READY 
output 
indicates 
that 
the 
Receiver 


Buffer 
is ready 
with 
an "assembled" 
character 
for input 
to the 


processor. 
For 
polled 
operation, 
the 
processor 
can 
check 


RxROY 
using 
a Status 
Read orRxRDY 
can be connected 
tothe 


processor 
interrupt 
structure. 
Note 
that 
reading 
the character 


to the processor 
automatically 
resets RxROY. 


15 
TxRDY 
TRANSMITTER 
READY 
0 
TRANSMITTER 
READY 
signals 
the processor 
that 
the trans- 


mitter 
is ready 
to accept 
a data character. 
TxRDY 
can be used 


as an interrupt 
or may be tested 
through 
the Status 
information 


polled 
maton. 
TxRDY 
is automatically 
reset 
by the leading 


edge of 
when a data character 
is loaded 
from the processor. 


16 
SYNDET/ 
SYNC 
DETECT/ 
I/O 
The SYNDET 
feature 
is only 
used 
in the Synchronous 
mode. 


BRKDET 
BREAK 
DETECT 
The USART 
may be programmed 
through 
the Mode Instruction 


to 
operate 
in either 
the 
internal 
or external 
Sync 
mode 
and 


SYNDET 
then 
functions 
as an output 
or input 
respectively. 
In 


the internal 
SYNC 
mode, 
the SYNDET 
output 
will gotoa 
"one" 


when 
the COM 
8251A 
has located 
the SYNC 
character 
in the 


Receive 
mode. 
If double 
SYNC 
character 
(bi-sync) 
operation 


has been programmed, 
SYNDET 
will go to "one" 
in the middle 


of the last bit of the second 
contiguously 
detected 
SYNC 
char- 


acter. 
SYNDET 
is automatically 
reset to "zero" 
upon 
a Status 


Read 
or RESET. 
In the external 
SYNC 
mode, 
a "zero" 
to "one" 


transition 
on the SYNDET 
input 
is sampled 
during 
the negative 


half 
cycle 
of AXe 
and will 
cause 
the COM 
8251A 
to start 
as- 


sembling 
data 
character 
on the 
next 
rising 
edge 
of RxC. The 


length 
of the SYNOET 
input 
should 
be at least one AXe 
period, 


but 
may 
be removed 
once 
the COM 
8251A 
is in SYNC. 
When 


external 
SYNC 
DETECT 
is programmed, 
the 
internal 
SYNC 


DETECT 
is disabled. 


INPUTI 
PIN 
NO. 
SYMBOL 
NAME 
OUTPUT 
FUNCTION 


16 
The 
SYNDET/BRKDET 
pin is used in both 
Synchronous 
and 
(cont.) 
Asynchronous 
modes. 
When 
in SYNC 
mode 
the features 
for 
the SYNDET 
pin described 
above apply. When in Asynchronous 
mode, the BREAK 
DETECT 
output 
will go high when anall zero 
word 
of the programmed 
length 
is received. 
This word 
consists 
of: start bit, data bit, parity 
bit and onestop 
bit.Reset 
only occurs 
when 
Rx Data returns 
to a logic 
one state or upon chip RESET. 


The state of BREAK 
DETECT 
can also be read as a status 
bit. 


17 
CTS 
CLEAR 
TO SEND 
I 
A "zero" 
on the CLEAR 
TO SEND 
input 
enables 
the USARTto 
transmit 
serial 
data if the TxEN 
bit in the Command 
Instruction 
register 
is enabled 
(one). 


If either 
a TxEN 
off or CTS off condition 
occurs 
while 
the Tx is 
in operation, 
the Tx wi II transm it all the data in the USART 
written 
prior 
to the Tx Disable 
command 
before 
shutting 
down. 


18 
TxE 
TRANSMITTER 
EMPTY 
0 
The TRANSMITTER 
EMPTY 
output 
signals 
the processor 
that 
the USART 
has no further 
characters 
to transmit. 
TxE is auto- 
matically 
reset upon 
receiving 
a data characterfrom 
the proces- 
sor. In half-duplex, 
TxE 
can 
be used 
to signal 
end of a trans- 
mission 
and 
request 
the 
processor 
to "turn 
the 
line 
around". 


The TxEN 
bit in the command 
instruction 
does not effect 
TxE. 


In the Synchronous 
mode, 
a "one" 
on this output 
indicates 
that 
a SYNC 
character 
or characters 
are about 
to be automatically 
transmitted 
as "fillers" 
because 
the next data character 
has not 
been 
loaded; 
an underflow 
condition. 
If the USART 
is operat- 
ing in the two SYNC character 
mode, both SYNC characters 
will 
be transmitted 
before 
the message 
can resume. 
TxE does 
not 
go low when 
the SYNC 
characters 
are being 
shifted 
out. TxE 
goes low upon 
the processor 
writing 
a character 
to the USART. 


19 
TxD 
TRANSMITTER 
DATA 
0 
This output 
is the transmitted 
serial data from the USART. 
When 
a transmission 
is concluded 
the TxD 
line will 
always 
return 
to 
the marking 
state unless 
SBRK 
is programmed. 


20 
ClK 
CLOCK 
PULSE 
I 
The 
ClK 
input 
provides 
for 
internal 
device 
timing. 
External 
inputs 
and 
outputs 
are not 
referenced 
to ClK, 
but 
the 
ClK 
frequency 
must 
be greater 
than 
30 times 
the 
RECEIVER 
or 


TRANSMITTER 
CLOCKS 
in the 1X mode 
and greater 
than 4.5 
ti mes for the 16X and 64X modes. 


21 
RESET 
RESET 
I 
A "one" 
on this 
input 
forces 
the USART 
into 
the "idle" 
mode 


where 
it will 
remain 
until 
reinitialized 
with 
a new set of control 
words. 
RESET causes: 
RxRDY=TxRDY=TxEmpty=SYNDETI 


BRKDET 
= 0; TxD = DTR = RST = 1. Minimum 
RESET 
pulse 


width 
is 6 !cv, ClK 
must 
be running 
during 
RESET. 


22 
DSR 
DATA 
SET READY 
I 
The 
DATA 
SET 
READY 
inpJd!...£an be tested 
by the processor 
via Status 
information. 
The 
DSR input 
is normally 
used to test 
Modem 
Data Set Ready 
condition. 


23 
RTS 
REQUEST 
TO SEND 
0 
The REQUEST 
TO SEND output 
iscontrolledviatheCommand 
word. 
The 
RTS 
output 
is normally 
used to drive 
the Modem 
Request 
to Send 
line. 


24 
DTR 
DATA 
TERMINAL 
0 
The 
DATA 
TERMINAL 
READY 
output 
is controlled 
via the 
REAl:W 
Command 
word. 
The lJTR 
output 
is normally 
used 
to drive 
Modem 
Data Terminal 
Ready 
or Rate Select 
lines. 


25 
RxC 
RECEIVER 
CLOCK 
I 
The RECEIVER 
CLOCK 
is the rate at which 
the incoming 
char- 
acter is received. 
In the Asynchronous 
mode, the AXe frequency 


may 
be 1, 16 or 64 times 
the actual 
Baud 
Rate but in the Syn- 
chronous 
mode the RxC frequency 
must equal 
the Baud 
Rate. 
Two 
bits 
in the 
mode 
instruction 
select 
Asynchronous 
at 1X, 
16X or64X 
or Synchronous 
operation 
at 1X the Baud 
Rate. 


Data is sampled 
into the USART 
on the rising 
edge of RxC. 


26 
Vcc 
Vcc SUPPLY 
VOLTAGE 
PS 
+5 volt supply 


I 


Transmission - 


When a data character 
is written 
into the USART, it auto- 


matically 
adds a START bit (low level or "space") 
and the 


number 
of STOP bits (high 
level or "mark") 
specified 
by 


the Mode Instruction. 
If Parity has been enabled, 
an odd 


or even Parity 
bit is inserted 
just before the STOP bit(s), 


as specified 
by the Mode 
Instruction. 
Then, 
depending 


on CTS and TxEN, the character 
may be transmitted 
as a 


serial data stream at the TxD output. 
Data is shifted out by 


the falling 
edge 
of TxC 
at a transmission 
rate of TxC, 
TxC/16 or TxC/64, 
as defined 
by the Mode Instruction. 


If no data characters 
have been loaded into the USART, or 


if all available 
characters 
have been transmitted, 
the TxD 


output 
remains "high" 
(marking) 
in preparation 
for send- 


ing the START 
bit of the next character 
provided 
by the 


processor. 
TxD 
may be forced 
to send a BREAK 
(con- 
tinuously 
low) by setting the correct 
bit in the Command 


Instruction. 


The RxD input 
line is normally 
held "high" 
(marking) 
by 


the transmitting 
device. A falling 
edge (high to low transi- 


tion) at RxD signals the possible 
beginning 
of a START bit 


and a new character. 
The receiver is thus prevented 
from 


starting 
in a "BREAK" 
state. The START bit is verified 
by 


testing for a "low" at its nominal 
center as specified 
by the 


BAUD 
RATE. If a "low" 
is detected, 
it is considered 
valid, 


and the bit assembling 
counter 
starts counting. 
The bit 


counter 
locates the approximate 
center of the data, parity 


(if specified), 
and STOP bits. The parity error flag (PE) is 


set, if a parity error occurs. 
Input bits are sampled 
at the 


RxD pin with the rising edge of RxC. If a high is not de- 
tected 
for the STOP bit, which 
normally 
signals 
the end 


of an input character, 
a framing 
error (FE) will be set. After 


the STOP bit time, the input character 
is loaded 
into the 


paralled 
Data Bus Buffer 
of the USART 
and the RxRDY 


signal is raised to indicate to the processor 
that a character 
is ready to be fetched. 
If the processor 
has failed to fetch 


the previous 
character, the new character 
replaces the old 


and overrun flag (OE) is set. All the error flags can be reset 
by setting 
a bit in the Command 
Instruction. 
Error flag 


conditions 
will not stop subsequent 
USART operation. 


Transmission- 


As .in Asynchronous 
transmission, 
the TxD output 
re- 


mains "high" 
(marking) 
until the USART receives the first 


character 
(usually a SYNC character) 
from the processor. 
After 
a Command 
Instruction 
has set TxEN 
and after 


CleartoSend 
(CTS) goes low, thefirstcharacterisser~ 


transmitted. 
Data is shifted out on the falling edge of TxC 


at the same rate as TxC. 


Once transmission 
has started, 
Synchronous 
Data Pro- 


tocols 
require that the serial data stream at TxD continue 


at the TXC rate or SYNC will be lost. If a data character 
is 


not provided 
by the processor 
before the USARTTransmit 
Buffer 
becomes 
empty, 
the SYNC 
character(s) 
loaded 


directly 
following 
the Mode Instruction 
will be automat- 


ically 
inserted 
in the TxD data stream. 
The SYNC char- 


acter(s) are inserted tofill 
the line and maintainsynchron- 
ization 
until 
the new data characters 
are available 
for 
transmission. 
If the USART 
becomes 
empty, 
and must 


send 
the SYNC 
character(s), 
the TxEMPTY 
output 
is 


raised to signal the processor 
that the Transmitter 
Buffer 
is empty 
and 
SYNC 
characters 
are being 
transmitted. 


TxEMPTY 
is automatically 
reset by the next character 


from the processor. 


Receive- 


In Synchronous 
receive, 
character 
synchronization 
can 


be either external 
or internal. 
If the internal 
SYNC mode 


has been selected, 
the ENTER 
HUNT 
(EH) bit has been 


set by a Command 
Instruction, 
the receiver goes into the 


HUNT mode. 


Incoming 
data on the RxD input is sampled 
on the rising 


edge of RxC, and the contents 
of the Receive 
Buffer are 


compared 
with the first SYNC character 
after each bit has 


been loaded until a match is found. IftwoSYNCcharacters 
have been programmed, 
the next received 
character 
is 


also compared. 
When the (two contiguous) 
SYNC char- 


acter(s) 
programmed 
have been detected, 
the USART 


leaves the HUNT 
mode and is in character 
synchroniza- 
tion. At this time, the SYNDET (output) 
issethigh. 
SYNDET 


is automatically 
reset by a STATUS 
READ. 


If external 
SYNC has been specified 
in the Mode Instruc- 


tion, a "one" 
applied 
to the SYNDET 
(input) 
for at least 


one RxC cycle will synchronize 
the USART. 


Parity 
and Overrun 
Errors 
are treated 
the same 
in the 


Synchronous 
as in the Asynchronous 
Mode. 
If not in 


HUNT, 
parity 
will continue 
to be checked 
even if the re- 


ceiver is not enabled. 
Framing 
errors do not apply in the 


Synchronous 
format. 


The processor 
may command 
the receiver 
to enter the 


HUNT 
mode 
with 
a Command 
Instruction 
which 
sets 


Enter 
HUNT 
(EH) if synchronization 
is lost. Under 
this 


condition 
the Rx register will be cleared to all "ones". 


The microprocessor 
program controlling 
the COM 8251A 


performs these tasks: 


- Outputs control codes 
- Inputs status 
- Outputs data to be transmitted 
-Inputs 
data which has been received 


Control 
codes determine 
the mode in which 
the COM 


8251A will operate and are used to set or reset control 
signals output by the COM 8251A. 


The Status register contents will be read by the program 
monitoring 
this device's operation 
in order to determine 


error conditions, when and how to read data, write data or 
output 
control 
codes. Program 
logic may be based on 


reading status bit levels, or control signals may be used 
to request interrupts. 
• 


C/O=1 
{ 


c/O=O{ 


MODE CONTROL 


COMMAND 


DATA 
·· 


COMMAND 


DATA 
· 


} 


INITIALING 
SEQUENCE 


The COM 8251A may be initialized 
following 
a system 


RESET or prior to starting a new serall/O 
sequence. The 


USART must be RESET (external or internal) following 
power 
up and subsequently 
may be reset at any time 


following 
completion 
of one activity 
and preceding 
a 


new set of operations. 
Following a reset, the COM 8251A 


enters an idle state in which it can neither transmit 
nor 


receive data. 


The COM 8251A is initialized with two, three or four con- 
trol words from the processor. Figure 1shows the sequence 
of control 
words needed to initialize the COM 8251A, for 


synchronous 
or for asynchronous 
operation. 
Note that 


in asynchronous 
operation 
a mode control 
is output to 


the device followed 
by a command. 
For synchronous 


operation, 
the mode control 
is followed 
by one or two 


SYNC characters, and then a command. 


Only a single address is set aside for mode control bytes, 
command 
bytes and SYNC character bytes. For this to be 


possible, logic internal tothe chip directs control informa- 
tion to its proper destination 
based on the sequence in 


which it is received. Following a RESET (external or inter- 
nal), the first control code output is interpreted as a mode 
control. If the mode control specifies synchronous 
opera- 


tion, then the next one ortwo 
bytes (as determined by the 


MODE CONTROL 


SYNC #1 


SYNC #2 
(OPTIONAL) 


COMMAND 


DATA 
. 


COMMAND 
{ 


DATA 
. 


) 


INITIALING 
SEQUENCE 


mode byte) output as control codes will be interpreted as 
SYNC characters. 
For either asynchronous 
or synchro- 


nous operation, 
the next byte output as a control code is 


interpreted 
as a command. 
All subsequent 
bytes output 
as control codes are interpreted 
as com mands. There are 


two ways in which control logic may return to anticipating 
a mode control input; following a RESET inputorfollowing 
an internal reset command. A reset operation (internal via 
IR or external via RESET) will cause the USART to inter- 
pret the next "control 
write", which should immediately 


follow the reset, as a Mode Instruction. 


After receiving the control 
words the USART is ready to 
communicate. 
TxRDY is raised to signal the processor 


that the USART is ready to receive a character for trans- 
mission. 
Concurrently, 
the USART 
is ready to receive 


serial data. 


C/D 
RD 
~ 
CS 
0 
0 
1 
0 
USART - 
Data Bus 


0 
1 
0 
0 
Data Bus - 
USART 


1 
0 
1 
0 
Status - 
Data Bus 


1 
1 
0 
0 
Data Bus - 
Control 


X 
X 
X 
1 
Data Bus - 3-State 


X 
1 
1 
0 


The COM 8251A interprets 
mode control 
codes as illus- 
trated in Figures 2 and 3. 


Control 
code bits Oand 1 determine 
whether synchronous 
or asynchronous 
operation 
is specified. 
A non-zero 
value 
in bits 0 and 1 specifies 
asynchronous 
operation 
and de- 
fines the relationship 
between data transfer 
baud rate and 
receiver 
or transmitter 
clock 
rate. Asynchronous 
serial 
data may be received or transmitted 
on every clock pulse, 
on every 16th clock 
pulse, or on every 64th clock 
pulse, 
as programmed. 
A zero in both 
bits 0 and 1 defines the 
mode of operation' 
as synchronous. 


For synchronous 
and asynchronous 
modes, control 
bits 
2 and 3 determine 
the number 
of data bits which 
will be 
present in each data character. In thecaseofa 
programmed 
character 
length 
of less than 8 bits, the least significant 
DATA BUS unused bits are "don't care" when writing 
data 
to the USART 
and will be "zeros" 
when reading 
data. Rx 
data will be right justified 
onto DO and the LSB for Tx data 
isDO. 


For synchronous 
and asynchronous 
modes, bits 4 and 5 


determine 
whether 
there will be a parity bit in each char- 
acter, and if so, whether 
odd oreven parity will beadopted. 


Thus in synch ronous mode a character 
will consist offive, 


six, seven or eight data bits, plus an optional 
parity bit. In 
asynchronous 
mode, the data unit will consist 
of five, six, 


seven or eight data bits, an optional 
parity bit, a preceeding 
start bit, plus 1, 1'/' or 2 trailing 
stop bits. Interpretation 
of 
subsequent 
bits differs for synchronous 
or asynchronous 
modes. 


Control code bits 6 and 7 in asynchronous 
mode determine 
how many stop bits will trail each data unit. 1'/' stop bits 
can only be specified 
with a 16X or 64X baud rate factor. 


In these two cases, the half stop bit will be equivanlent 
to 
8 or 32 clock 
pulses, respectively. 


In synchronous 
mode, 
control 
bits 6 and 7 determine 
how character 
synchronization 
will 
be achieved. 
When 
SYNDET is an output, internal synchronization 
isspecified; 


one or two SYNC characters, 
as specified 
by control 
bit 7, 


must be detected 
at the head of a data stream in order to 
establish 
synchronization. 


Command 
words 
are used to initiate 
specific 
functions 
within 
the COM 8251A such as, "reset all error flags" or 


"start 
searching 
for sync". 
Consequently, 
Command 
Words may be issued by the processor 
to the COM 8251A 
at any time during 
the execution 
of a program 
in which 


specific 
functions 
are to be initialized 
within 
the com- 
munication 
circuit. 


Figure 4 shows the format 
for the Command 
Word. 


RxE 
1= Enable RxRDY 
0= Disable RxRDY 


SBRK 
1= TxD is forced low 
0= Normal operation 


ER 
1 = Resets all error flags in 
Status register (PE. OE. FE) 


RTS 
1 = RTS output is forced to 0 


o 
'-.-; '-.-; 
t 
t 
Syuod, 


00 
5 bits per character 
01 
6 bits per character 
10 
7 bits per character 
11 
8 bits per character 
I 


0= 
SYNDET output 
1 = SYNDET input 


00 
Invalid (SYNC mode) 
____ 
01 
Async mode, 1X Baud rate factor 
10 
Async mode, 16X Baud rate factor 
11 
Async mode, 64X Baud rate factor 


00 
5 bits per character 
01 
6 bits per character 
10 
7 bits per character 
11 
8 bits per character 


00 
Invalid 
01 
1 stop bit· 
10 
1'h stop bits 
11 
2 stop bits 


Bit 0 of the Command 
Word 
is the Transmit 
Enable 
bit 


(TxEN). 
Data transmission 
for the COM 
8251A cannot 


take place unless TxEN is set (assuming 
CTS = 0) in the 


command 
register. The TX Disable command 
is prevented 


from 
halting 
transmission 
by the Tx Enable logic until all 


data 
previously 
written 
has been transmitted. 
Figure 
5 


defines the way in which TxEN, TxE and TxRDY combines 
to control 
transmitter 
operations. 


Bit 1 is the Data Terminal 
Ready (DTR) bit. When the DTR 


command 
bit is set, the DTR output 
connection 
is activ.e 


(low). DTR is used to advise a modemthatthedata 
terminal 


is prepared 
to accept or transm it data. 


Bit 2 is the Receiver 
Enable Command 
bit (RxE). RxE is 


used to enable the RxRDY output signal. RxE, when zero, 
prevents the RxRDY signal from being generated 
to notify 


the processor 
that a complete 
character 
is framed 
in the 


Receive Character 
Buffer. It does not inhibit the assembly 


of data characters 
at the input, 
however. 
Consequently, 


if communication 
circuits 
are active, 
characters 
will 
be 


assembled 
by the receiver and transferred 
to the Receiver 


Buffer. If RxE is disabled, the overrun error (OE) will prob- 
ably be set; to insure proper operation, 
the overrun 
error 


is usually reset with the same com mand that enables RxE. 


FigureS. 
Operation 
of the Transmitter 
Section 
as a Function 
of TxE, TxRDY and TxEN 


TxE 
TxRDY 
1 
1 
Transmit 
Output 
Register 
and Transmit 
Character 
Buffer 
empty. 


TxD continues 
to mark if COM 8251A is in the asynchronous 
mode. 


TxD will send SYNC 
pattern 
if COM 8251A is in the Synchronous 


Mode. Data can be entered 
into Buffer. 


o 
Transmit 
Output 
Register 
is shifting 
a character. 
Transmit 
Character 


Buffer is available 
to receive a new byte from the processor. 


o 
Transmit 
Register 
has finished 
sending. 
A new character 
is waiting 


for transmission. 
This is a transient 
condition. 


o 
0 
Transmit 
Register 
is currently 
sending 
and an additional 
character 


is stored in the Transmit 
Character 
Buffer for transmission. 


0/1 
0/1 
Transmitter 
is disabled. 


TxEN 
1 


Bit3 is the Send BreakCommand 
bit(SBRK). 
WhenSBRK 


is set, the transmitter 
output 
(TxD) 
is interrupted 
and a 


continuous 
binary"O" 
level, (spacing) 
isappliedtotheTxD 


output 
signal. The break will continue 
until a subsequent 


Command 
Word is sent totheCOM 
8251A to removeSBRK. 


Bit 4 is the Error Reset bit (ER). When a Command 
Word 


is transferred 
with the ER bit set, all three error flags (PE, 
OE, FE) in the Status Register are reset. Error Reset occurs 
when the Command 
Word is loaded into the COM 8251A. 


No latch is provided 
in the Command 
Register to save the 


ER command 
bit. 


Bit 5, the Request 
To Send Command 
bit (RTS), sets a 


latch 
to reflect 
the RTS signal 
level. The output 
of this 


latch 
is created 
independently 
of other 
signals 
in the 


COM 8251A. As a result, data transfers 
may be made by 


the processor 
to the Transmit 
Register, and data may be 


actively 
transmitted 
to the communication 
line through 


TxD regardless 
of the status of RTS. 


Bit 6, the Internal 
Reset (IR), causes the COM 8251A to 


return 
to the 
Idle mode. 
All functions 
within 
the COM 


8251A cease and no new operation 
can be resumed 
until 


the circuit 
is reinitialized. 
If the operating 
mode is to be 


altered during 
the execution 
of a processor 
program, 
the 


COM 8251A must first 
be reset. Either the RESET input 


can be activated, 
or the Internal 
Reset Command 
can be 


sent to the COM 8251A. Internal 
Reset is a momentary 


function 
performed 
only when the command 
is issued. 


Bit 7 is the Enter Hunt command 
bit (EH). The Enter Hunt 


mode command 
is only effective for the COM 8251A when 


it is operating 
in the Synchronous 
mode. EH causes the 


receiver to stop assembling 
characters 
at the RxD input, 


clear the Rx register to all "ones", and start searching 
for 


the prescribed 
sync pattern. Once the "Enter Hunt" mode 


has been initiated, 
the search 
for the sync 
pattern 
will 
continue 
indefinitely 
until EH is reset when asubsequent 


Command 
Word is sent, when the IR command 
is sent to 


the COM 8251A, or when SYNC characters 
are recognized. 


Parity is not checked 
in the EH mode. 


The 
Status 
Register 
maintains 
information 
about 
the 


current 
operational 
status of the COM 8251A. Status can 


be read at any time, 
however, 
the status update 
will be 


inhibited 
during 
status read. Figure 6 shows the format of 


the Status Register. 


TxRDY signals the processor 
that the Transmit 
Character 


Buffer is empty and that the COM 8251A can accept a new 
character 
for transmission. 
The TxRDY 
status 
bit is not 


totally equivalent 
to the TxRDY output pin, the relationship 


is as follows: 


TxRDY (status bit) = Tx Character 
Buffer 
Empty 


TxRDY (pin 15) = Tx Character 
Buffer Empty' 
CTS • TxEN 


RxRDY signals the proce~sor 
that a completed 
character 


is holding 
in the Receive 
Character 
Buffer 
Register 
for 
transfer 
to the processor. 


TxE signals 
the processor 
that 
the Transmit 
Register 
is empty. 


PE is the Parity Error signal indicating 
to the CPU that the 


character 
stored 
in the Receive 
Character 
Buffer 
was 


received 
with an incorrect 
number 
of binary 
"1" bits. PE 


does not inhibit USART operation. 
PE is reset by the ER bit. 


OE is the receiver Overrun 
Error. OE is set whenever a byte 


stored 
in the Receiver 
Character 
Register 
is overwritten 


with a new byte before being transferred 
to the processor. 


OE does not inhibit 
USART operation. 
OE is reset by the 
ER bit. 


FE (Async 
only) 
is the character 
framing 
error which 
in- 


dicates 
that the asynchronous 
mode byte stored 
in the 


Receiver Character 
Buffer was received with incorrect 
bit 


format 
("0" stop bit), as specified 
by the current 
mode. FE 


does not inhibit 
USART operaton. 
FE is reset by the ER bit. 


Note: 


1. While 
operating 
the receiver 
it is important 
to realize 


that the RxE bit of the Command 
Instruction 
only in- 


hibits 
the assertion 
of RxRDY; 
it does not inhibit 
the 


actual 
reception 
of characters. 
As the receiver 
is con- 


stantly 
running, 
it is possible for it to contain extraneous 


data when 
it is enabled. 
To avoid problems 
this data 


should 
be read from 
the USART 
and discarded. 
This 


read should 
be done immediately 
following 
the setting 


of the RxE bit in the asynchronous 
mode, and following 


the setting 
of EH in the synchronous 
mode. 
It is not 


necessary 
to wait 
for RxRDY 
before 
executing 
the 


dummy 
read. 


2. ER should 
be performed 
whenever 
RxE of EH are pro- 


grammed. 
ER resets all error flags, even if RxE = O. 


I 


PE 
Parity error 


OE 
Overrun error 


FE 
Framing error 


SYNDET 
is the synchronous 
mode status bit associated 


with internal 
or external 
sync detection. ------ 
DSR is the status bit set by the external 
Data Set Ready 


signal 
to indicate 
that 
the communication 
Data Set is 


operational. 


All status 
bits 
are set 
by the 
functions 
described 
for 


them. SYNDET 
is reset whenever 
the processor 
reads the 


Status 
Register. 
OE, FE, PE are reset by the error 
reset 


command 
or the internal 
reset command 
or the RESET 


input. 
OE, FE, or PE being 
set does not inhibit 
USART 


operation. 


Many of the bits in the status register are copies of extern aI 
pins. This dual status arrangement 
allows the USART to 


be used in both Polled and Interrupt 
driven environments. 


Status update can have a maximum 
delay of 16 tCYperiods. 


3. The USART may provide faulty RxRDY for the first read 


after power-on 
or for the first read after the receiver is 


re-enabled 
by a command 
instruction 
(RxE). A dummy 


read is recommended 
to clearfaulty 
RxRDY. This is not 


the case for the fi rst read after hardware 
or software 


reset after the device opration 
has been established. 


4. Internal 
Sync 
Detect 
is disabled 
when 
External 
Sync 


Detect is programmed. 
An External Sync Detect Status 


is provided 
through 
an internal 
flip-flop 
which 
clears 


itself, assuming 
the External Sync Detect assertion 
has 


removed, 
upon a status read. As long as External Sync 


Detect 
is asserted, 
External 
Sync 
Detect 
Status 
will 


remain high. 


Storage Temperature 
Range 
-55°C 
to +150°C 
Lead Temperature 
(soldering, 
10sec) 
+325°C 
Positive Voltage on any Pin, with respect to ground 
+8.0V 
Negative Voltage on any Pin, with respect to ground 
-o.3V 


·Stresses 
above those listed may cause permanent 
damage to the device. This is a stress rating only and 
functional 
operation 
of the device at these at any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 
NOTE: When powering 
this device from laboratory 
or system power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings not be exceeded 
or device failure can result. Some power supplies 
exhibit 
voltage spikes or "glitches" 
on their outputs 
when the AC power is switched 
on and off. 


In addition, 
voltage transients 
on the AC power line may appear on the DC output. 
If this 


possibility 
exists it is suggested 
that as clamp circuit 
be used. 


ELECTRICAL 
CHARACTERISTICS 
(TA = O°C to 70°C, 
Vcc = +5V 
±5%, 
unless 
otherwise 
noted) 


SYMBOL! 
PARAMETER 
~ 
MAX. ~I 
TEST CONDITIONS 


D.C. 
Characteristics 


V,L 
Input Low Voltage 
-0.3 
0.8 
V 


V,H 
Input High Voltage 
2.0 
Vcc 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL=2.2 
mA 


VOH 
Output 
High Voltage 
2.4 
V 
IOH=-400IJ.A 


IOFL 
Output 
Float Leakage 
±10 
IJ.A 
VOUT= Vcc TO 0.45V 


IlL 
Input Leakage 
±10 
IJ.A 
V,N= Vcc TO 0.45V 


Icc 
Power Supply 
Current 
100 
mA 
All Outputs 
= High 


Capacitance 
TA=25°C, 
Vcc=GND 


C,N 
I Input Capacitance 
I 
I 


10 
pF 
IfC=1MHZ 


CliO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins returned 
to GND 


A.C. Characteristics 


Bus Parameters (Note 1) 
Read Cycle: 


tAR 
Address 
Stable Before READ (CS, CiD) 
0 
ns 
Note 2 


tRA 
Address 
Hold Time for READ (CS, C/O) 
0 
ns 
Note 2 


tRR 
READ Pulse Width 
250 
ns 


tRO 
Data Delay from READ 
200 
ns 
Note 3, CL = 150 pF 


toF 
READ to Data Floating 
10 
100 
ns 


Write Cycle: 


tAw 
Address 
Stable Before WRITE 
0 
ns 


tWA 
Address 
Hold Time for WRITE 
0 
ns 


tww 
WRITE Pulse Width 
250 
ns 


tow 
Data Set Up Time for WRITE 
150 
ns 


two 
Data Hold Time for WRITE 
0 
ns 


tRV 
Recovery 
Time Between WRITES 
6 
tCY 
Note4 


Other Timings: 


tCY 
Clock Period 
.320 
1.35 
IJ.S 
Notes 5, 6 


t~ 
Clock High Pulse Width 
120 
tcy-90 
ns 


ti 
Clock 
Low Pulse Width 
90 
ns 
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SYMBOL 
PARAMETER 
MIN. 
MAX. 
UNIT 
TEST CONDITIONS 


tA,tF 
Clock Rise and Fall Time 
5 
20 
ns 


tOTx 
TxD Delay from Falling Edge of TxC 
1 
f.J.s 


tSAx 
Rx Data Set-Up Time to Sampling 
Pulse 
2 
f.J.s 


tHAx 
Rx Data Hold Time to Sampling 
Pulse 
2 
f.J.s 


fTx 
Transmitter 
Input Clock 
Frequency 
1X Baud Rate 
DC 
64 
kHz 
16X Baud Rate 
DC 
310 
kHz 
64X Baud Rate 
DC 
615 
kHz 


hpw 
Transmitter 
Input Clock Width 
1X Baud Rate 
12 
tey 


16X and 64X Baud Rate 
1 
tCY 


hpo 
Transmitter 
Input Clock 
Pulse Delay 
1X Baud Rate 
15 
tey 


16X and 64X Baud Rate 
3 
tey 


fAx 
Receiver Input Clock 
Frequency 
1X Baud Rate 
DC 
64 
kHz 
16X Baud Rate 
DC 
310 
kHz 
64X Baud Rate 
DC 
615 
kHz 


tAPW 
Receiver 
Input Clock 
Pulse Width 
1X Baud Rate 
12 
tCY 


16X and 64X Baud Rate 
1 
tCY 


tAPO 
Receiver Input Clock 
Pulse Delay 
1X Baud Rate 
15 
tCY 


16X and 64X Baud Rate 
3 
tCY 


hxAOY 
TxRDY Pin Delay from Center of last Bit 
8 
tCY 
Note? 


hxADY 
CLEAR 
TxRDY I from Leading 
Edge of WR 
150 
ns 
Note? 


tRxRDY 
RxRDY Pin Delay from Center of last Bit 
24 
tCY 
Note? 


tRxROY 
CLEAR 
RxRDY I from Leading 
Edge of RD 
150 
ns 
Note? 


tiS 
Internal SYNDET 
Delay from Rising 
24 
tCY 
Note? 
Edge of RxC 


tes 
External SYNDET 
Set-Up Time Before 
16 
tCY 
Note? 
Falling Edge of RxC 


hxEMPTY 
TxEMPTY 
Delay from Center of Data Bit 
20 
tCY 
Note? 


twc 
Control 
Delay from Ris.i!2a..Edge of 
8 
tCY 
Note? 
WRITE (TxEn, DTR, RTS) 


tCA 
Control to READ Set-Up Time (DSR, CTS) 
20 
tCY 
Note? 


NOTES: 
1. AC timings m~sured 
VOH = 2.0, VOL= 0.8,j!nd with load circuit of Figure 1. 
2. Chip Seiect (CS) and Command/Data 
(C/D) are considered as Addresses. 
3. Assumes that Address is valid before RDI. 
4. This recovery time is for RESET and Mode Initialization. 
Write Data is allowed only when TxRDY = 1. Recovery Time between 
Writes for Asynchronous 
Mode is 8 tCYand for Synchronous 
Mode is 16tCY. 


5. The TxC and RxC frequencies have the following 
limitations with respect to ClK. 
For 1X Baud Rate, fTXor fRx~ 1/(30 tCY) 
For 16X and 64X Baud Rate, fTXor fRx~ 1/(4.5 tCY) 


6. Reset Pulse Width = 6 tCYminimum; System Clock must be running during RESET. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applica- 


tions; consequently 
complete 
information 
sufficient 
for construction 
purposes is not necessarily given. The 
information 
has been carefully checked and is believed to be entirely reliable. However, no responsibility 
is 
assumed for inaccuracies. 
Furthermore. 
such information 
does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


STANDARD MICROSVSTEMS 
CORPORATION,@t 
COM82586 
PRELIMINARY 


Ethernet™Local Area Network 
Coprocessor 


FEATURES 
o Performs Complete 
CSMA/CD 
Medium 


Access Control 
Functions 


Independently 
of CPU 
-High 
Level Command 
Interface 
o Supports 
Established 
LAN Standards 
-IEEE 
802.3/EtherneFM 
(10BASE5) 
-IEEE 
802.3/Cheapernet 
(10BASE2) 
-IBM 
PC Network 
-IEEE 
802.3/StarLAN 
(1BASE5) 
-Proprietary 
CSMAlCD 
Networks up 
to 10 Mbps 
o On-Chip 
Memory 
Management 
-Automatic 
Buffer Chaining 
-Buffer 
Reclaim After Receipt of Bad 


Frames 
-Save 
Bad Frames, Optionally 
o Interfaces 
to 8-bit and 16-bit 


Microprocessors 
o Supports 
Minimum 
Component 


Systems 
-Shared 
Bus Configuration 
-Interface 
to IAPX 186 and 188 


Microprocessors 
without 
Glue 


o Supports 
High Performance 
Systems 


-Bus 
Master, with On-Chip 
DMA 
-5 
MBytes/Sec 
Bus Bandwidth 


-Compatible 
with Dual Port Memory 
-Back 
to Back Frame Reception 
at 10 


Mbps 


o 48 Pin DIP and 68 Pin PLCC 


I 
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o Network Management 
-CRC 
Error Tally 
-Alignment 
Error Tally 
-Location 
of Cable Faults 
o Self-Test Diagnostics 
-Internal 
Loopback 
-External 
Loopback 
-Internal 
Register 
Dump 
-Backoff 
Timer Check 


o Single 
+5 volt supply 
o Direct replacement 
for Intel's 82586 


GENERAL 
DESCRIPTION 


The COM82586 
is an intelligent, 
high performance 
Local 
one for receiving and one for transmitting. 
The threshold 
Area Network coprocessor, 
implementing 
the CSMAlCD 
for 
block 
transfer 
to/from 
memory 
is programmable, 


access 
method 
(Carrier 
Sense 
Multiple 
Access 
with 
enabling 
the user to optimize 
bus overhead 
for a given 
Collision 
Detection). It performs all time-crystal 
functions 
worst case bus latency. 


independently 
of the host processor, 
which 
maximizes 
The COM82586 
provides 
a rich set of diagnostic 
and 
performance 
and network effiCiency. 
network 
management 
functions 
including: 
internal 
and 
The 
COM82586 
performs 
the 
full 
set of IEEE 
802.3 
external 
loopbacks, 
exception 
condition 
tallies, channel 
CSMAlCD 
media access. control 
and channel 
Interface 
activity indicators, optional capture of all frames regardless 
functions 
including: 
framing, 
preamble 
~eneratlon 
and 
of destination 
address, 
optional 
capture 
of errored 
or 
striPPing, source address generation, destination address 
collided frames and time domain reflectometry for locating 
checking, 
CRC generation 
and checking, 
short 
frame 
faults in the c~ble. 


detection. 
Any data rate up to 10 Mb/s can be used. 
. 
. 


The COM82586 features a powerful host system interface. 
The 
COM82586 
can 
be used 
In either 
baseband 
or 
It 
automatically 
manages 
memory 
structures 
with 
broadband 
networks ..It can be conf.lgured for maximum 
command chaining and bidirectional data chaining. An on- 
network effiCiency (minimum contention overhead) for any 
chip DMA controller 
manages 
4 channels 
transparently 
length network operating 
at any data rate up to 10 Mb/s. 


to the user. Buffers containing 
errored or collided frames 
The controller 
supports 
address field lengths of 1, 2, 3, 


can 
be 
automatically 
recovered. 
The 
82586 
can 
be 
4, 5, or 6 byte~~ It can be configured 
for either the IEEE 
configured for 8-bit or 16-bit data path, with maximum burst 
802.3/Ethernet 
or HDLC method of frame delineation. 
transfer 
rate of 2 or 4 Mbyte/sec. 
respectively. 
Memory 
Both 16-blt and 32-blt CRC are supported. 


address 
space is 16 Mbyte maximum. 
The COM82586 is available in a 48 pin DIP or 68 pin PLCC 
The COM82586 provides two independent 
16 byte FIFOs, 
package. 


Ethernet'M 
is a trademark 
of the Xerox Corporation. 
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BUS 


INTERFACE 


UNIT 


DMA 


CONTROL 


(4 CHANNELS) 


48 PIN DIP 
68 PIN PLCC 
NAME 
SYMBOL 
FUNCTION 
PIN NO. 
PIN NO. 


48,36 
8,9,10,11, 
Power 
Supply 
Vcc, Vcc 
+5V Power 
Supply. 


61,62 


12,24 
26,27,41, 
Ground 
Vss, Vss 
System 
Ground. 


42,43,44 


34 
13 
Reset 
RST 
RST is an active 
HIGH internally 
synchronized 
signal, 


causing 
the 82586 to terminate 
present 
activity 
immediately. 


The signal 
must be HIGH for at least four clock 
cycles. 
The 


82586 
will execute 
RST within ten system 
clock 
cycles 


starting 
from RST HIGH. When 
RST returns 
LOW, the 82586 


waits for the first CA to begin the initialization 
sequence. 


27 
22 
Transmitted 
Serial 
TxD 
Output signal. This signal 
is HIGH when 
not transmitting. 
Data 


26 
23 
Transmit 
Data Clock 
TxC 
This signal 
provides 
timing 
information 
to the internal 
serial 


logic, depending 
upon the mode of data transfer. 
For NRZ 
mode 
of operation, 
data is transferred 
to the TxD pin on the 


HIGH to LOW clock transition. 


25 
24 
Received 
Data 
RxD 
Received 
Data Input Signal. 


23 
28 
Received 
Data Clock 
RxC 
This signal 
provides 
timing 
information 
to the internal 
shifting 


logic depending 
upon the mode of data transfer. 
For NRZ 
data, the state of the RxD pin is sampled 
on the HIGH to 


LOW clock transition. 


28 
21 
Request 
To Send 
RTS 
When 
LOW, this signal 
notifies an external 
interface 
that the 


82586 
has data to transmit. 
It is forced 
HIGH after a Reset 
and while the Transmit 
Serial 
Unit is not sending 
data. 


29 
20 
Clear To Send 
CTS 
Active 
LOW Clear To Send input enables 
the 82586 
transmitter 
to actually 
send data. It is normally 
used as an 
interface 
handshake 
to RTS. This signal gOi~active 
stops 


transmission. 
It is internally 
synchronized. 
If 
TS goes 


inactive, 
meeting 
the setup time to TxC negative 
edge, 


transmission 
is stopped 
and RTS goes inactive 
within, at 


most, two TxC cycles. 


48 PIN DIP 
68 PIN PLCC 
NAME 
SYMBOL 
FUNCTION 
PIN NO. 
PIN NO. 


31 
18 
Carrier 
Sense 
CRS 
Active 
LOW Carrier 
Sense 
input used to notify the 82586 that 


there is traffic on the serial link. It is used only if the 82586 
is 
configured 
for external 
Carrier 
Sense. When 
so configured, 


external 
circuitry 
is required 
for detecting 
serial link traffic. It is 


internally 
synchronized. 
To be accepted, 
the signal 
must stay 


active for at least two serial clock 
cycles. 


30 
19 
Collision 
Detect 
COT 
Active 
LOW Collision 
Detect input is used to notify the 82586 


that a collision 
has occurred. 
It is used only if the 82586 
is 


configured 
for external 
Collision 
Detect. External 
circuitry 
is 


required 
for detecting 
the collision. 
It is internally 
synchronized. 
To be accepted, 
the signal 
must stay active for 


at least two serial clock 
cycles. 
During transmission, 
the 


82586 
is able to recognize 
a collision 
one bit time after 
preamble 
transmission 
has begun. 


38 
6 
Interrupt 
INT 
Active 
HIGH interrupt 
request 
signal. 


32 
15 
Clock 
CLK 
The system 
clock 
input from the 80186 
or another 
symmetric 
clock 
generator. 


33 
14 
Minimum 
Model 
MN/MX 
When 
HIGH, MN/MX 
selects 
RD, WR, ALE DEN, DT/R 
Maximum 
Mode 
(Minimum 
Mode). When 
LOW, MN/MX 
selects 
A22, A23, 


READY, ~, 
51 (Maximum 
Mode). Note: This pin should 
be 


static during 
82586 
operation. 


6-11, 
29-33,36- 
Address 
and Data Bus 
ADO- 
These 
lines from the time multiplexed 
memory 
address 
(t1) 
13-22 
40,45,48, 
AD15 
and data (12,t3, tW, 14) bus. When operating 
with an 8-bit 
49,50,53,54 
bus, the high byte will output the address 
during 
the entire 
cycle. ADO-AD15 
are floated 
after a RESET or when the bus 
is not acquired. 


1,3-5 
55-57,59, 
Address 
Bus 
A16-A18 
These 
lines constitute 
7 out of 8 most significant 
address 
bits 
45-47 
63-65 
A20-A23 
for memory 
operation. 
They switch 
during t1 and stay valid 


during the entire memory 
cycle. The lines are floated 
after 
RST or when the bus is not acquired. 
Address 
lines A22 and 


A23 are not available 
for use in minimum 
mode. 


2 
58 
Address 
19 or 
A19/S6 
During t1 this signal 
it forms line 19 of the memory 
address. 


Status 6 
During 12 through 
t4 it is used as a status 
indicating 
that this 
is a Master 
peripheral 
cycle, 
and is tilGH. 
Its timing 
is 


identical 
to that of ADO-AD15 
during 
write operation. 


43 
67 
Hold 
HLD 
HLD is an active 
HIGH signal 
used by the 82586 
to request 


local bus mastership 
at the end of the current 
CPU bus 


transfer 
cycle, or at the end of the current 
DMA burst transfer 


cycle. 
In normal 
operation, 
HLD goes inactive 
before 
HLDA. 


The 82586 
can be forced 
off the bus by HLDA 
going inactive. 


In this case, HLD goes inactive 
within four clock 
cycles 
in 


word mode and eight clock 
cycles 
in byte mode. 


42 
68 
Hold Acknowledge 
HLDA 
HLDA 
is an active 
HIGH Hold Acknowledge 
signal 
indicating 


that the CPU has received 
the HLD request 
and that bus 


control 
has been relinquished 
to the 82586. 
It is internally 


synchronized. 
After HLD is detected 
as LOW, the processor 


drives 
HLDA 
LOW. Note, CONNECTING 
Vcc TO HLDA 
IS 


NOT ALLOWED 
because 
it will cause 
a deadlock. 
Users 


wanting 
to give permanent 
bus access 
to the 82586 
should 


connect 
HLDA with HLD. 


35 
12 
Channel 
Attention 
CA 
The CA pin is a Channel 
Attention 
input used by the CPU to 


initiate the 82586 
execution 
of memory 
resident 
Command 


Blocks. 
The CA signal 
is synchronized 
internally. 
The signal 


must be HIGH for at least one system 
clock 
period. 
It is 


latched 
internally 
on HIGH to LOW edge and then detected 


by the 82586. 


44 
66 
Bus High Enable 
BHE 
The Bus High Enable signal 
(BHE) is used to enable 
data 


onto the most significant 
half of the data bus. Its timing 
is 


identical 
to that of A 16-A23. 
With a 16-bit 
bus it is LOW and 


with an 8-bit 
bus it is HIGH. Note: after RST, the 82586 
is 


configured 
to 8-bit 
bus. 


I 


48 PIN DIP 
68 PIN PLCC 
NAME 
SYMBOL 
FUNCTION 
PIN NO. 
PIN NO. 


39 
5 
Ready 
ROY 
This active 
HIGH signal 
is the acknowledgement 
from the 


addressed 
memory 
that the transfer 
cycle 
can be completed. 


While 
LOW, it causes 
wait states to be inserted. 
This signal 


must be externally 
synchronized 
with the system 
clock. The 


Ready signal 
internal 
to the 82586 
is a logical 
OR between 


ROY and SROY/AROY. 


37 
7 
Synchl Asynch 
Ready 
AROYl 
This active 
f.iIGH signal 
performs 
the same function 
as ROY. 


SROY 
If it is programmed 
at configure 
time to SROY, it is identical 
to 


ROY. If it is programmed 
to AROY, the positive 
edge of the 


Ready signal 
IS internally 
synchronized. 
Note, the negative 


edge must still meet setup and hold time specifications, 
when 


in AROY 
mode. The AROY signal 
must be active for at least 


one system 
clock 
HIGH period for proper 
strobing. 
The 


Ready signal 
internal 
to the 82586 
is a logical 
OR between 


ROY (in Maximum 
Mode only) and SROY/AROY. 
Note that 


following 
RST, this pin assumes 
AROY 
mode. 


40,41 
4,3 
Status 0,1 
SO,S1 
Maximum 
mode only. These 
status pins define the type of 


OMA transfer 
during the current 
memory 
cycle. They are 


encoded 
as follows: 
51 
SO 
0 
0 
Not Used 
0 
1 
Read Memory 
1 
0 
Write Memory 
1 
1 
Passive 
Status is active from the middle 
of t4 to the end of 12. They 


return to the passive 
state during 
t3 or during tW when 
ROY 


or AROY 
is HIGH. These 
signals 
can be used by the 8288 


Bus Controller 
to generate 
all memory 
control 
and timing 


signals. 
Any change 
from the passive 
state signals 
the 8288 


to start the nextt1 
to t4 bus cycle. These 
pins are pulled 


HIGH and floated after a system 
RST and when the bus is 


not acquired. 


46 
64 
Read 
RO 
Used in minimum 
mode only. The read strobe 
indicates 
that 


the 82586 
is performing 
a memory 
read cycle. 
RO is active 


LOW during t2, t3 and tW of any read cycle. 
This signal 
is 


pulled 
HIGH and floated 
after a RST and when the bus is 


not acquired. 


45 
65 
Write 
WR 
Used in minimum 
mode only. The write strobe 
indicates 
that 


the 82586 
is performing 
a write memory 
cycle. WR is active 


LOW during 12, t3 and tW of any write cycle. 
It is pulled 
HIGH 


and floats after RST and when the bus is not acquired. 


39 
5 
Address 
Latch Enable 
ALE 
Used in minimum 
mode only. Address 
Latch Enable 
is 


provided 
by the 82586 
to latch the address 
into the 
8282/8283 
address 
latch. It is a HIGH pulse, during t1 ('clock 


low') of any bus cycle. 
Not that ALE is never floated. 


40 
4 
Data Enable 
DEN 
Used in minimum 
mode only. Data ENable 
is provided 
as 


output enable 
for the 8286/8287 
transceivers 
in a stand- 


alone (no 8288) system. 
DEN is active 
LOW during 
each 


memory 
access. 
For a read cycle, 
it is active from the middle 


of 12 until the beginning 
of t4. For a write cycle, 
it is active 


from the beginning 
of 12 until the middle 
of t4. It is pulled 


HIGH and floats after a system 
RST or when the bus is 


not acquired. 


41 
3 
Data 1/0 Control 
OT/R 
Used in' minimum 
mode only. OT/R 
is used in non-8288 


systems 
using an 8286/8287 
data bus transceiver. 
It controls 


the Q!rection of data fl~ 
through 
the Transceiver. 
Logically, 


OT/R 
is equivalent 
to S1. It becomes 
valid in the t4 preceding 


a bus cycle 
and remains 
valid until the final t4 of the cycle. 


This signal 
is pulled 
HIGH and floated 
after a RST or when 


the bus is not acquired. 


NOTE: For an updated data sheet please fill out the reply card in 
the back of this catalog or call SMC at (516) 273·3100. 
STANDARD 
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Circuit diagrams 
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STANDARD MICROSYSTEMS 
CORPORATIONAit 
COM82C501 
PRELIMINARY 


Ethernet 
™ Serial Interface 


FEATURES 
o Direct Replacement for Intel 82501 


and 82C501, or SEEQ 8023A 


o Compatible with IE~E 802.3 10BASE5 


(EtherneFM)and 10BASE2 (Cheapernet) 
Specifications 
o 10 Mbps Operation 
o Replaces 8 to 12 MSI Components 
o Manchester Encoding/Decoding and 


Receive Clock Recovery 
o 10 MHz Transmit Clock Generator 
o Drives/Receives IEEE 802.3 


Transceiver Cable (AUI) 
o Defeatable Watchdog Timer Circuit to 


Prevent Continuous Transmissions 


o Diagnostic Loopback for Network Node 


Fault Detection and Isolation 


o Direct Interface to the COM82586 LAN 


Coprocessor and COM82C502 Transceiver 


o Low Power CMOS 
o +5 Volt Only Operation 


ENETV1 
1 
20 vcc 


NOOR 
2 
19 
TRMT 


LPBKlWDTD 
3 
18 
TRMT 


RCV 
4 
TXD 


RCV 
,TXC 


CRS 
TEN 


CDT 
X1 


RXC 
X2 


RXD 
9 
CLSN 


GND 
10 
CLSN 


The COM82C501 EtherneFMSeriallnterface(ESI) chip is 
designed to work directly with the COM82586 LAN 
Coprocessor in IEEE 802.3 (10BASE5and 10BASE2),10 
Mbps, Local Area Network applications. The major 
functions of the COM82C501 are to generate the 10MHz 
transmit clock for the COM82586, perform Manchester 
encoding/decoding of the transmitted/received frames, 
and provide the electrical interface to the Ethernet™ 
transceiver 
cable (AUI). Diagnostic loopback control 


enables the COM82C501 to route the signal to be 


Ethernet™ is a trademark of the Xerox Corporation. 


transmitted from the COM82586 through its Manchester 
encoding 
and 
decoding 
circuitry 
and 
back 
to the 


COM82586. The combined loopback capabilities of the 
COM82586 and COM82C501 result in efficient fault 
detection and isolation by providing sequential testing of 
the communications interface.An on-chip watchdog timer 
circuit (defeatable) prevents the station from locking up in 
a continuous transmit mode. The COM82C501 is socket 
compatible with the bipolar Intel 82501, the Seeq 8023A, 
and the CMOS Intel 82C501. 
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82586 
INTERFACE 


COLLISION- 


CDT 
PRESENCE 
GENERATION 


CRS 


RXC 
MANCHESTER 
DECODER 
AND 
RXD 
CLOCK 
RECOVERY 


XCVR 
CABLE 
INTERFACE 
& 
NOISE 
FILTER 


CLSN 


\ 
\I 
/ 
CLSN 


CLOCK 
GENERATION 


MANCHESTER 
ENCODER 
TRANSCEIVER 
CABLE 
DRIVER 


\ 
TRMT 
,, 
/_- 
TRMT 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


1 
Ethernet 
ENETV1 
An active 
low, MOS-Ievel 
input. When 
ENETV1 
is asserted, 
the 


Version 
1.0 
TRMT/TRMT 
pair remains 
at high differential 
voltage 
at the end of 


transmission. 
This operation 
is compatible 
with the Ethernet 
Version 


1.0 specification. 
If the ENETV1 
pin is left floating, 
an internal 
pull- 


up resistor 
biases the input inactive 
high. 


2 
Carrier 
Sense 
Option 
NOOR 
An active low, MOS-Ievel 
input. When 
NOOR 
is asserted 
a valid 


~al 
on the collision-presence 
Pa~SN/CLSN) 
will not force 


active 
low. With NOOR active 
R 
can only be asserteggy 


the presence 
of valid data bits on the RCV IRCV pair. If the N 
R 


pin is floating, 
an internal 
pull-up 
resistor 
biases the input 


inactive 
high. 


3 
Loopback/Watchdog 
LPBKI 
An active low, TIL-Ievel 
control 
signal enables 
the loop back mode. 


Timer 
Disable 
WDTD 
In loopback 
mode serial data on the TXD input is routed through 


the 82C501 
internal 
circuits 
and back to the RXD output without 


driving 
the TRMT ITRMT 
output pair to the transceiver 
cable. 
During 


loopback 
CDT is asserted 
at the end of each transmission 
to 


simulate 
the SQE test. 


An input voltage 
of 12V ± 10% through 
a 4 KO resistor 
will disable 


the on-Chip 
watchdog 
timer. 


4 
Receiver 
Pair 
RCV 
A differentially 
driven 
input pair which 
is tied to the receive 
pair of 
5 
RCV 
the Ethernet 
transceiver 
cable. The first transition 
on RCV will be 


negative-going 
to indicate 
the beginning 
of a frame. The last 


transition 
should 
be positive-going 
to indicate 
the end of the frame. 


The received 
bit stream 
is assumed 
to be Manchester 
encoded. 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


6 
Carrier 
Sense 
CRS 
An active low, MOS-level 
output to notify the COM82586 
that there 
is activity on the coaxial 
cable. The signal is asserted 
when valid 
data or a collision-presence 
signal from the transceiver 
is present. 


It is de asserted 
at the end of a frame; or when the end of the 
collision-presence 
signal 
is detected, 
synchronous 
with RXC. After 


transmission, 
once deasserted, 
CRS will not be reasserted 
again 
for a period of 5 JiS minimum 
or 7 JiS maximum, 
regardless 
of any 
activi'Y..2.'lthe 
collision-presence 
signal (CLSN/CLSN) 
and 
RCV/RCV 
inputs. 


7 
Collision 
Detect 
CDT 
An active-low, 
MOS-level 
signal which 
drives 
the CDT input of the 
COM82586 
controller. 
It is asserted 
as long as there is activity 
on 
the collision 
pair (CLSN/CLSNj, 
and during 
SQE (heartbeat) 
test 
in loopback. 


8 
Receive 
Clock 
RXC 
A 10 MHz MOS level clock output with 5 ns rise and fall times. This 
output is connected 
to the COM82586 
receive 
clock 
input RXC. 


There 
is a maximum 
1.2 JiS delay at the beginning 
of a frame 
reception 
before the clock 
recovery 
circuit 
gains 
lock. During 
idle 
(no incoming 
frames) 
RXC is forced 
low. 


9 
Receive 
Data 
RXD 
A MOS-Ievel 
output tied directly 
to the RXD input of the COM82586 
controller 
and sampled 
by the COM82586 
at the negative 
edge of 
RXC. The bit stream 
received 
from the transceiver 
cable 
is 
Manchester 
decoded 
prior to being transferred 
to the controller. 


This output remains 
high during 
idle. 


10 
Ground 
GND 
Reference. 


12 
Collision 
Pair 
CLSN 
A differentially 
driven 
input pair tied to the collision-presence 
pair of 
11 
CLSN 
the Ethernet transceiver 
cable. The collision-presence 
signal 
is a 
10 MHz square 
wave. The first transition 
at CLSN 
is negative- 
going to indicate 
the beginning 
of the signal; the last transition 
is 
positive-going 
to indicate 
the end of the signal. 


14 
Clock 
Crystal 
X, 
20 MHz crystal 
inputs. When 
X2 is floated, 
X, can be used as an 
13 
X2 
external 
MOS level input clock. 


15 
Transmit 
Enable 
TEN 
An active low, TIL 
level signal synchronous 
to TXC that enables 
data transmission 
to the transceiver 
cable 
and starts the watchdog 
timer. TEN can be driven 
by the RTS from the COM82586. 


16 
Transmit 
Clock 
TXC 
A 10 MHz MOS level clock output with 5 ns rise and fall times. This 
clock 
is connected 
directly 
to the TXC input of the COM82586. 


17 
Transmit 
Data 
TXD 
A TTL-level 
input signal that is directly 
connected 
to the serial data 
output, TXD, of the COM82586. 


19 
Transmit 
Pair 
TRMT 
A differential 
output driver pair that drives 
the transmit 
pair of the 
18 
TRMT 
transceiver 
cable. The output bit stream 
is Manchester 
encoded. 


Following 
the last transmission, 
which 
is always 
positive 
at TRMT, 


the differential 
voltage 
is slowly 
reduced 
to zero volts in a series 
of 


steps. If ENETVl 
is asserted 
this voltage 
stepping 
is disabled. 


20 
Power 
Supply 
Vcc 
+5V ± 10%. 


• 


NOTE: For an updated data sheet please fill out the reply card in 
the back of this catalog or call SMC at (516) 273-3100. 


STAN~D 
MICROSYSTEMS 


CORPORATIOI\'a,~,~~;,;= 


Circuit diagrams 
utilizing 
SMC 
products 
are included 
as a means 
of illustrating 
typical semiconductor 
applications: 
conse- 


quently complete 
information 
sufficient for construction 
purposes 
is not necessarily given. The information 
has been carefully 


checked 
and is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is assumed 
for inaccuracies. 
Furthermore, 
such 
information 
does not convey to the purchaser 
of the semiconductor 
devices 
described 
any license under the palent rights of 
SMC or others. 
SMC 
reserves 
the right to make changes 
at any time in order to improve design and supply the best product 


possible. 


STANDARD 
MICROSYSTEMS 
CORPORATION,fI 
COM82C502 
PRELIMINARY 


EthernefMTransceiver Chip 


FEATURES 
o Conforms 
to the Following 
Standards: 


-IEEE 
802.3, 10BASE5 (Ethernet™) 


-IEEE 
802.3, 10BASE2 (Cheapernet) 
-Ethernet™ 
Version 2.0 


o Defeatable 
Signal 
Quality 
Error 


(Heartbeat) 
Test 


o Requires 
Minimum 
Board 
Space 
-On-Chip 
Voltage 
Reference 


-16 
Pin DIP 


REXT 
TRMT 
TRMT 


RCV 
RCV 


CLSN 
CLSN 


Vss 


'-' 
1 
16 


2 
15 
3 
14 
4 
13 
5 
12 
6 
11 


~ ~ 
10 


9 


RTSQ 


CXRD 
HBD 


AVec 


AVss 


The COM82C502 
Ethernet'M Transceiver 
Chip is a CMOS 


LSI device 
that 
provides 
the 
complete 
set of transmit, 


receive and collision 
detection 
functions 
specified 
by the 


IEEE 
802.3, 
10 
BASE5 
(Ethernet'M) 
and 
10BASE2 


(Cheapernet) 
10 Mbps baseband 
standards 
for the Media 


Attachment 
Unit (MAU). The COM82C502 
teams 
up the 


COM82586 
CSMA/CD 
LAN 
Coprocessor 
and 
the 


COM82C501 
Ethernet™ 
Serial 
Interface 
enabling 
the 


designer 
to 
implement 
highly 
integrated 
IEEE 
802.3 


systems. 


Three basic functional 
blocks make up the COM82C502: 


transmit, 
receive and collision detection. 
The transmit 
and 


receive 
sections 
transfer 
data from the transceiver 
drop 


(Access 
Unit Interface 
or AUI) cable to the coaxial 
cable 


of the 
network 
and 
vice-versa. 
The 
collision 
detection 


section senses simultaneous 
transmissions 
by two or more 


network 
stations 
(collisions) 
on the 
coaxial 
cable 
and 


reacts by sending 
a 10 MHz signal across the transceiver 


drop cable to the station 
that it front ends. 


When used in an Ethernet™ application, 
the COM82C502 


can drive a transceiver 
cable 
up to 50 meters 
in length 


(for 
Cheapernet, 
there 
is 
no 
transceiver 
cable). 
The 


COM82C502 
provides all active communications 
circuitry 


for the transceiver 
function 
in the Ethernet™Cheapernet 


environment. 
It is an ideal companion 
to the COM82C501. 
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TRANSCEIVER 
CABLE 
INTERFACE 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


2 
Transmit 
Data 
TRMT, 
A differentially 
driven 
input tied to the transmit 
pair of the transceiver 
3 
Pair 
TRMT 
cable. The transmit 
pair of the transceiver 
cable 
is driven 
with 10 
Mbps Manchester 
encoded 
data from the serial interface 
of the 


data link (82501). TRMT/TRMT 
must be isolated 
from the 


transceiver 
cable 
by a pulse transformer. 
The last transition 
is 


expected 
to be positive 
indicating 
end of packet. 


4 
Receive 
Data 
RCV, 
An output driver pair that generates 
an ECL AC signal 
level to drive 
5 
Pair 
RCV 
the transceiver 
cable 
receive 
pair with the 10 Mbps Manchester 


encoded 
data received 
from the coaxial 
cable 
of the network. 


RCV/RCV 
must be isolated 
from the transceiver 
cable 
by a pulse 


transformer. 
The last transition 
is always 
positive 
indicating 
the end 
of the packet. The current 
from the RCV pin is incrementally 


decreased 
after the last transition. 


7 
Collision 
CLSN, 
An output driver pair that generates 
a 10 MHz ECL AC signal 
level 


6 
Presence 
Pair 
CLSN 
square 
wave on the collision 
presence 
pair of the transceiver 
cable 


when: a collision 
is detected 
on the coaxial 
cable 
of the network, 


during 
self-test 
as the collision 
circuit 
heartbeat 
indication, 
or after 


the watchdog 
timer has expired 
to indicate 
that the coaxial 
cable 


transmitter 
is disabled. 


15 
Coaxial 
Cable 
CXTD 
An output pin that transmits 
data onto the coaxial 
cable 
of the 


Transmit 
Data 
network 
by sinking 
current 
from the center 
conductor 
of the coaxial 
cable. The last data transition 
at the end of a packet 
is always 
low 


to high. 


12 
Coaxial 
Cable 
CXRD 
An input pin that receives 
data from the coaxial 
cable of the 


Receive 
Data 
network. 
Typical 
signal 
levels (referenced 
to Voo) received 
on 


CXRD 
are -200 
mV for high, -1.8V 
for a low and OV during 
idle. 


The last data transition 
received 
is expected 
to be positive 
indicating 
the end of packet. 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


11 
Heartbeat 
Disable 
HBD 
A strapping 
option that when tied low (Vss), allows the transceiver 
to 


generate 
a collision 
detect 
heartbeat 
signal 
after each packet. 
A 


high (Vcc) on this pin disables 
the heartbeat 
circuitry 
as well as the 


6.4 J1S transmit 
inhibit timer but keeps the collision 
circuit 
enabled 


for use in repeater 
applications. 


1 
External 
Resistor 
REXT 
A 2430 0.5% resistor 
is attached 
between 
REXT and ground 
(Vss) 


to provide 
precision 
internal 
current 
levels. 


13 
Redundant 
Transmit 
RTSQ 
An open drain output that indicates 
the operational 
state of the 


Squelch 
82502 transmitter. 
The output can be used to provide 
a redundant 


method 
of disabling 
the transceiver 
(MAU) transmitter 
for greater 


network 
reliability. 


16 
Power 
Supply 
Vcc " 
+5 ± 10% volts. 


8 
Ground 
Vss" 
GROUND 


14 
Power 
Coax Shield 
Voo " 
+10± 
10% volts. 


10 
Analog 
Power 
AVcc " 
+5 ± 10% volts. Included 
to reduce 
the effects of the current 


fluctuations 
in the Vcc pin. 


g 
Analog 
Ground 
AVss " 
Included 
to reduce 
the effects of current 
fluctuations 
in the Vss pin. I 


"NOTE: 
These voltages are referenced to Vss. The shield of the coaxial cable of the Ethernet™channel (Voo) is connected to earth ground. 


50n 


ETHERNET 
COAX 
TRANSCEIVER 
CABLE 
SHIELO 
O.Q1~F,2KV 


TRANSMIT 
PAIR 
: 8 -lll- 


14 
TRMT 
Voo 


7811 
3 


TRMT 


5V 
15 
COM82C502 
CXTO 


43.211 
4 


RCV 


12 
CXRD 


RCV 
lOon 


FUSIBLE 


1/8W 


RTSQ 


13 


43.20 
7 
CLSN 
11 


HBD 


6 
CLSN 


REXT 


2431"1 
05°" 


RECEIVE 
PAIR 
:8 


COLLISION 
PAIR 
:8 


NOTES: 
1. Pulse transformer 
inductance 2:50 iiH, typically 75iiH 


2. Isolated power supply: Pulse Engineering 
Inc. part no. PE-64369 
Reliability 
Inc. part nos. 2E12R10-5, 2VA12U10-5, and 2VA5U10-5. 
3. Isolated power supply may require additional 
decoupling 
on its inputs and outputs. 


L TRANSCEIVER 
TAP 
BOX 


IEEE 802.3 
10 Base 
2 (Cheapernet): 


This configuration 
supports 
30 users 
per 
segment, 
each 
segment 
being 
185 meters 
long. 


IEEE 802.3 
10 Base 
5 (Ethernet): 


This 
configuration 
supports 
100 users 
per 


segment, 
each 
segment 
b~ing 
500 meters 
long. 


NOTE: For an updated 
data sheet please fill out the reply card in 


the back of this catalog 
or call SMC at (516) 273-3100. 


EthernehM 
is a trademark 
of Xerox Corporation. 
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STANDARD MICROSYSTEMS 
CORPORATION, 
COM 9026 


Local Area Network 
Controller 
LANCTM 


FEATURES 
o 2.5 M bit data rate 
o ARCNET@ local area network controller 
o Modified token passing protocol 
o Self-reconfiguring 
as nodes are added 


or deleted from network 


o Handles variable 
length data packets 


016 
bit CRC check and generation 


o System efficiency 
increases 
with 


network loading 


o Standard 
microprocessor 
interface 


o Supports 
up to 255 nodes per network 


segment 


o Ability to interrupt processor 
at 


conclusion 
of commands 


o Interfaces to an external 1K or 2K 


RAM buffer 


o Arbitrates 
buffer accesses 
between 
processor 
and COM 9026 


o Replaces over 100 MSI/SSI parts 
o Ability to transmit 
broadcast 
messages 


o Compatible 
with broadband 
or baseband 


systems, 
o Compatible 
with any interconnect 
media 


(twisted pair, coax, etc.) 
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o Arbitrary 
network configurations 
can be used 
(star, tree, etc.) 
o Single + 5 volt supply 


The COM 
90C26 
is a special 
purpose 
communications 


adapter 
for interconnecting 
processors 
and intelligent 


peripherals 
using the ARCNET 
local area network. 
The 


ARCNET local area network is a self-polling "modified token 
passing" 
network operating 
at a 2.5 M bit data rate. A "mod- 


ified token passing" scheme is one in which all token passes 
are acknowledged 
by the node accepting 
the token. The 


token passing network scheme avoids the fluctuating 
chan- 


nel access 
times 
caused 
by data collisions 
in so-called 


CSMAlCD 
schemes 
such as Ethernet. 


The Com 90C26 
circuit contains 
a microprogrammed 
se- 


quencer 
and all the logic necessary 
to control 
the token 


passing 
mechanism 
on the network and send and receive 


data packets 
at the appropriate 
time. A maximum 
of 255 


nodes may be connected 
to the network 
with each node 


being assigned 
a unique ID. 


I 


paR 


'lie: 
Rie" 


TX 


DSYNC 


AS 


IDDAT 


IDLD 


A9 


A,Q 
ECHO 


INTR 


ADO 


AD' 
• AD2 


AD3 


AD4 


ADS 


AD6 


AD7 


The COM 90C26 establishes the network configuration, 
and 


automatically 
re-configures 
the network as new nodes are 


added or deleted from the network. 
The COM 90C26 per- 


forms address decode, CRC checking and generation, 
and 


packet acknowledgement, 
as well as other network 
man- 


agement 
functions. 
The COM 90C26 interfaces 
directly to 


the host processor through astandard 
multiplexed 
addressl 


data bus. 


An external RAM buffer of up to 2K locations is used to hold 
up to four data packets with a maximum 
length of 508 bytes 


per message. The RAM buffer is accessed 
both by the pro- 


cessor and the COM 90C26. The processor 
can write com- 


mands to the COM 90C26 and also read COM 90C26 status. 
The COM 90C26 will provide all signals necessary 
to allow 


smooth arbitration 
of all RAM buffer .operations. 


ARCNET"' is a'registered trademark of the Datapoint Corporation. 
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Local Area Network Controller 
LANCTM 


FEATURES 
o 2.5 M bit data rate 
o ARCNET® 
local area network controller 


o Modified token passing protocol 
o Self-reconfiguring 
as nodes are added 


or deleted from network 
o Handles variable length data packets 
o 16 bit CRC check and generation 
o System efficiency 
increases 
with 


network loading 


o Standard 
microprocessor 
interface 


o Supports 
up to 255 nodes per network 


segment 


o Ability to interrupt 
processor 
at 


conclusion 
of commands 


o Interfaces 
to an external 
1K or 2K 


RAM buffer 


o Arbitrates 
buffer accesses 
between 


processor 
and COM 90C26 


o Replaces over 100 MSI/SSI parts 
o Ability to transmit 
broadcast 
messages 


o Compatible 
with broadband 
or baseband 


systems 


o Compatible 
with any interconnect 
media 


(twisted pair, coax, etc.) 


o Low power CMOS technology 


DSYNC 
Tx 
RX 
vcc 
N/C 
POR 


ET, 
CA 
ET, 


TEST, 
TEST, 


3938373635343332313029 


40 
28 
N/C 
41 
27 
AD, 
42 
26 
AD, 


43 
25 
ADs 
44 
24 
AD, 


1 
23 
AD, 


2 
22 
GND 


3 
21 
ClK 


4 
20 
IlE 


5 
19 
WE 


6 
18 
DE 
7891011121314151617 


I 


ET2 


CA 


ETl 
TEST2 
TESTl 


DWR 
RiW 


IOREQ 
MREO 


AS 
REO 


WAIT 


AlE 


ADIE 
I 
5E 
WE 
iLE 
ClK 
GND 


'-/ 
40 
POR 


39 
Vcc 


38 
RX 


37 
TX 
36 
DSYNC 
35 
AS 
34 
IDDAT 


8 
33 D 
IDLD 


9032 
A9 
10 
31 
A10 


11 
30 
ECHO 


12 
29 
INTR 
13 
28 
ADO 
14 
27 
AD' 


15 
26 
AD2 
16 
25 
AD3 


17 
24 
AD4 


18 
23 
ADS 


19 
22 
AD6 


20 
21 
AD7 


The COM 
90C26 
is a special 
purpose 
communications 


adapter 
for interconnecting 
processors 
and intelligent 


peripherals 
using the ARCNET 
local area network. 
The 


ARCNET 
local area network is a self-polling "modified token 


passing" 
network operating 
at a 2.5 M bit data rate. A "mod- 
ified token passing" scheme is one in which all token passes 
are acknowledged 
by the node accepting 
the token. The 


token passing network scheme avoids the fluctuating 
chan- 


nel access 
times 
caused 
by data collisions 
in so-called 


CSMAlCD 
schemes 
such as Ethernet. 


The Com 90C26 
circuit contains 
a microprogrammed 
se- 


quencer 
and all the logic necessary 
to control 
the token 


passing 
mechanism 
on the network and send and receive 


data packets 
at the appropriate 
time. A maximum 
of 255 


nodes 
may be connected 
to the network 
with each node 


being assigned 
a unique 10. 


o Arbitrary 
network configurations 
can be used 
(star, tree, etc.) 


o Single + 5 volt supply 
o Compatible 
with HYC9058 
(HITI) and 
HYC9068 
(LAND) 


The COM 90C26 establishes the network configuration, 
and 


automatically 
re-configures 
the network as new nodes are 


added or deleted 
from the network. 
The COM 90C26 per- 


forms address decode, CRC checking 
and generation, 
and 


packet acknowledgement, 
as well as other network 
man- 


agement 
functions. 
The COM 90C26 interfaces 
directly to 


the host processor through a standard multiplexed 
addressl 


data bus. 


An external RAM buffer of up to 2K locations is used to hold 
up to four data packets with a maximum 
length of 508 bytes 


per message. 
The RAM buffer is accessed 
both by the pro- 


cessor and the COM 90C26. The processor 
can write com- 


mands to the COM 90C26 and also read COM 90C26 status. 
The COM 90C26 will provide all signals necessary 
to allow 


smooth arbitration 
of all RAM buffer operations. 


ARCNET@) is a registered trademark of the Datapoint Corporation. 
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FIGURE 2- 
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DIPPIN 
NO. 
NAME 
SYMBOL 
FUNCTION 


31,32,35 
ADDRESS 
10, 
A10, A9, A8 
These 
three output 
signals 
are the three most significant 
bits of the RAM buffer 
9,8 
address. 
These 
signals 
are in their hit 
impedance 
state except 
during 
COM 
90C26 
access 
cycles to the RAM buf er. A 10 and A9 will take on the value nn as 


specified 
in the ENABLE 
RECEIVE 
or ENABLE 
TRANSMIT 
commands 
to or 
from page nn and should 
be viewed 
as page select 
bits. For packets 
less than 
256 bytes a 1K buffer can be used with A8 unconnected. 
For packets 
greater 
than 
256 bytes, a 2K buffer 
is needed 
with A8 connected. 


21,22,23, 
ADDRESS/ 
AD7-ADO 
These 
8 bidirectional 
signals 
are the lower 8 bits of the RAM buffer 
address 
and 
24,25,26, 
DATA 7-0 
the 8 bit data path in and out of the COM 90C26. 
ADO is also used for I/O com- 
27,28 
mand decoding 
of the processor 
control 
or status 
commands 
to the COM 90C26. 


8 
I/O REQUEST 
10REQ 
This input signal 
indicates 
that the processor 
is requesting 
the use of the data bus 


to receive 
status 
information 
or to issue a command 
to the COM 90C26. 
This sig- 


nal is sampled 
internally 
on the falling 
edge of AS. 


9 
MEMORY 
MREQ 
This input signal indicates 
that the processor 
is requesting 
the use of the data bus 


REQUEST 
to transfer 
data to or from the RAM buffer. This signal 
is sarnpled 
internally 
on the 


falling edge of AS. 


7 
READIWRITE 
RIW 
A high level on this input signal indicates 
that the processor's 
access 
cycle to the 


COM 90C26 
or the RAM buffer will be a read cycle. A low level indicates 
that a 


write cycle will be performed 
to either the RAM buffer or the COM 90C26. 
The 


write cycle will not completed, 
however, 
until the DWR input is asserted. 
This sig- 


nal is sampled 
internally 
on falling 
e.dge of AS. 


10 
ADDRESS 
AS 
This input si~n-ill is used by the COM 90C26 
to sample 
the state of the 10REQ, 


STROBE 
MREQ 
and 
IW inputs. 
The COM 90C26 
bus arbitration 
is initiated 
on the falling 


edge of this signal. 


11 
REQUEST 
REQ 
This output 
signal acknowledges 
the fact that the processor's 
1/0 or memory 
cycle has been sampled. 
The signal is equal to MREQ 
or 10REQ 
passed 
through 
an internal 
transparent 
latch gated with AS. 


12 
WAIT 
WAIT 
This output 
signal is asserted 
by the COM 90C26 
at the start of a processor 
ac- 
cess cycle to indicate 
that it is not ready to transfer 
data. WAIT returns 
to its inac- 
tive state when the COM 90C26 
is ready for the processor 
to cornplete 
its cycle. 


6 
DELAYED 
DWR 
This input signal 
informs 
the COM 90C26 
that valid data is present 
on the proces- 


WRITE 
sor's data bus for write cycles. 
The COM 90C26 
will remain 
in the WAIT state until 


this signal 
is asserted. 
DWR has no effect on read cycles. 
If the processor 
is able 


to satisfy 
the write data setup time, it is recommended 
that this signal 
be 
grounded. 


29 
INTERRUPT 
INTR 
This output 
signal is asserted 
when an enabled 
interrupt 
condition 
has occured. 
REQUEST 
INTR returns to its inactive 
state by resetting 
the interrupting 
status 
condition 
or 


the corresponding 
interrupt 
mask bit. 


18 
INTERFACE 
ILE 
This output 
signal, 
in conjunction 
with ADIE, 
gates the processor's 
address/data 


LATCH 
bus (PAD7-PADO) 
onto the interface 
address/data 
bus (IAD7-IADO) 
during 
the 


ENABLE 
data valid portion 
of a Processor 
Write RAM or Processor 
Write COM 90C26 


operations. 
14 
ADDRESS/ 
ADIE 
This output 
siglli!Lenables 
the processor's 
address/data 
bus (PAD7-PADO) 
cap- 


DATA INPUT 
tured by AS or ILE onto the interface 
address/data 
bus (IAD7-IADO). 


ENABLE 


13 
ADDRESS 
AlE 
This output 
signal enables 
the processor's 
upper 3 address 
bits (PA 10-PA8) 
onto 


INPUT 
the interface 
address 
bus (IA 10-IA8). 


ENABLE 


15 
LATCH 
L 
This output 
signal latches 
the interface 
address/data 
bus (IAD7-IADO) 
into a latch 


which feeds the lower 8 address 
bits of the RAM buffer during 
address 
valid time 
of all RAM buffer access 
cycles. 


17 
WRITE 
WE 
This output 
signal is used as a write pulse to the external 
RAM buffer. 
Data is ref- 


ENABLE 
erenced 
to the trailing 
edge of WE. 


16 
OUTPUT 
OE 
This output 
signal enables 
the RAM buffer output 
data onto the interface 


ENABLE 
address/data 
bus (IAD7-IADO) 
during the data valid portion 
of all RAM buffer 


read operations. 


33 
ID LOAD 
IDLD 
This output 
signal synchronously 
loads the value selected 
by the ID switches 
into 


an external 
shift register 
in preparation 
for shifting 
the ID into the COM 90C26. 


The shift re~ister 
is clocked 
with the same signal that feeds the COM 90C26 
on 


pin 19 (CLK 
. The timing 
associated 
with this signal 
and IDDAT (pin 34) is illus- 


trated 
in figure 
19. 


34 
ID DATA IN 
IDDAT 
This input signal is the serialized 
output from the externallD 
shift register. 
The ID 


is shifted 
in most significant 
bit first. A high level is defined 
as a logic "1 ". 


1,3 
EXTENDED 
ET2, ET1 
The levels 
on these two input pins specify 
the timeout 
durations 
used by the COM 


TIMEOUT 
90C26 
in its network 
protocol. 
Refer to the section 
entitled 
"Extended 
Timeout 


FUNCTION 
2, 
Function" 
for details. 
1 


37 
TRANSMIT 
TX 
This output 
signal contains 
the serial transmit 
data to the CABLE 
DATA 
TRANSCEIVER. 


38 
RECEIVE 
RX 
This input signal contains 
the serial receive 
data from the CABLE 
DATA 
TRANSCEIVER. 


I 


- _.- -- 


TEST PIN 1 
TEST1 
conjunction with ET2-andET1 to enable various 'internal diagnosiic functions 
when performing chip level testing. 
30 
ECHO 
ECHO 
When this input signal is low,the COM 90C26 will re-transmit all messages of 


DIAGNOSTIC 
length less than 254 bytes. This input should be tied high for normal chip opera- 


ENABLE 
tion and is only utilized when performing chip level testing. 


19 
CLOCK 
ClK 
A continuous 5 MHz clock input used for timing of the COM 90C26 bus cycles, 
bus arbitration, seriallD input, and the internal timers. 
2 
CA 
CA 
This input signal is a 5 MHz clock used to control the operation of the COM 
90C26 microcoded sequencer. This input is periodically halted in the high state 
by the DSYNC output. 


36 
DELAYED 
DSYNC 
This output signal is asserted by the COM 90C26 to cause the external clock 


SYNC 
generator logic to halt the CA clock. Refer \0 figure 9. 
40 
POWER ON 
POR 
This input signal clears the COM 90C26 microcoded sequencer program counter 


RESET 
to zero and initializes various internal control flags and status bits. The POR sta- 
tus bit is also set which causes the INTR output to be asserted. Repeated asser- 
tion of this signal will degrade the performance of the network. 


39 
+5 VOLT 
Vcc 
Power Supply 
SUPPLY 


20 
GROUND 
GND 
Ground 


LINE PROTOCOL 
DESCRIPTION 


The line protocol can be described as isochronous because 
each byte is preceded 
by a start interval and ended with a 


stop interval. Unlike asynchronous 
protocols, there is a con- 


stant amount of time separating 
each data byte. Each byte 


will take up exactly 11 clock intervals with a single clock inter- 
val being 400 nanoseconds 
in duration. As a result, 1 byte is 


transmitted 
every 4.4 microseconds 
and the time to transmit 


a message 
can be exactly determined. 
The line idles in a 


spacing (logic 0) condition. A logic '0' is defined as no line 
activity and a logic 1 is defined as a pulse of 200 nanoseconds 
duration. A transmission 
starts with an ALERT BURST con- 
sisting of 6 unit intervals of mark (logic 1). Eight bit data char- 
acters are then sent with each character preceded by 2 unit 
intervals of mark and one unit interval of space. Five types of 
transmission can be sent as described below: 


Invitations To Transmit 


An ALERT 
BURST followed 
by three characters; 
an EOT 


(end 
of transmission-ASCII 
code 
04 HEX) 
and 
two 


(repeated) 
DID (Destination 
IDentification) 
characters. 
This 


message is used to pass the token from one node to another. 


Free Buffer Enquiries 
An 
ALERT 
BURST 
fOllowed 
by 
three 
characters; 
an 


ENQ (ENQuiry-ASCII 
code 85 HEX) and two (repeated) 


DID (Destination 
IDentification) 
characters. 
This message 


is used to ask another 
node if it is able to accept a packet 


of data. 


Data Packets 
An ALERT BURST followed by the following 
characters: 
- 
an SOH (start of header-ASCII 
code 01 HEX) 
-a 
SID (Source 
IDentification) 
character 


-two 
(repeated) 
DID 
(destination 
IDentification) 
characters. 


-a 
single 
COUNT 
character 
which 
is the 2's comple- 


ment of the number of data bytes to follow if a "short 
packet" is being sent or 00 HEX followed by a COUNT 


character 
which is the 2's complement 
of the number 


of data bytes to follow if a "long packet" 
is being sent. 


-N 
data bytes where 
COUNT 
= 256-N 
(512-N 
for a 
"long packet") 


-two 
CRC (Cyclic Redundancy 
Check) characters. 
The 


CRC polynomial 
used is X'6 + X'5 + X2 + 1. 


Acknowledgements 
An ALERT 
BURST 
followed 
by one character; 
an ACK 


(ACKnowledgement-ASCII 
code 86 HEX) character. This 


message 
is used to acknowledge 
reception 
of a packet 


or 
as 
an 
affirmative 
response 
to 
FREE 
BUFFER 


ENQUIRIES. 


Negative Acknowledgements 
An ALERT BURST followed by one character; 
a NAK (Neg- 


ative AcKnowledgement-ASCII 
code 15 HEX). This mes- 


sage is used as a negative 
response 
to FREE BUFFER 


ENQUIRIES. 


NETWORK PROTOCOL DESCRIPTION 


Communication 
on the network 
is based 
on a "modified 


token 
passing" 
protocol. 
A "modified 
token 
passing" 


scheme is one in which all token passes are acknowledged 
by the node receiving 
the token. Establishment 
of the net- 


work configuration 
and management 
of the network proto- 


col are handled 
entirely 
by the COM 90C26's 
internal 


microcoded 
sequencer. 
A processor 
or intelligent 
periph- 


eral transmits 
data by simply loading a data packet and its 


destination 
10 into the RAM buffer, and issuing a command 
to enable 
the transmitter. 
When 
the COM 
90C26 
next 


receives the token, it verifies that the receiving node is ready 
byfirst transmitting 
a FREE BUFFER 
ENQUIRY message. 


If the receiving node transmits 
an ACKnowledge 
message, 
the data packet is transmitted 
followed 
by a 16 bit CRC. If 


the receiving 
node cannot 
accept the packet (typically 
its 


receiver is inhibited), 
it transmits 
a Negative 'AcKnowledge 


message and the transmitter 
passes the token. Once it has 


been established 
that the receiving 
node can accept the 


packet and transmission 
is complete, the receiving node will 
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mask permits the COM 90C26 to generate 
an interrupt to 


the processor 
when selected 
status bits become true. Fig- 
ure 4 is a flow chart illustrating 
the internal operation 
of the 


COM90C26. 
NETWORK 
RECONFIGURATION 


A significant 
advantage 
of the COM 90C26 is its ability to 


adapt to changes on the network. Whenever 
a new node is 


activated 
or deactivated 
a NETWORK 
RECONFIGURA- 


TION is performed. 
When a new COM 90C26 is turned on 


(creating a new active node on the network), or if the COM 
90C26 has not received an INVITATION TO TRANSMIT 
for 
840 milliseconds, 
it causes a NETWORK 
RECONFIGUR- 


ATION by sending a RECONFIGURE 
BURST consisting of 
eight marks and one space repeated 
765 times. The pur- 


pose of this burst is to terminate 
all activity on the network. 
Since this burst is longer than any other type of transmis- 
sion, the burst will interfere 
with the next INVITATION 
TO 


TRANSMIT, destroy the token and keep any other node from 
assuming 
control 
of the line. It also provides 
line activity 


which allows the COM 90C26 sending the INVITATION TO 
TRANSMIT 
to release control of the line. 


When any COM 90C26 
sees an idle line for greater than 


78.2 microseconds, 
which will only occur when the token is 
lost, each COM 90C26 starts an internal time out equal to 
146 microseconds 
times the quantity 255 minus its own 10. 


It also sets the internally 
stored NID (next 10 representing 


the next possible 10 node) equal to its own 10. If the timeout 
expires with no line activity, the COM 90C26 starts sending 
INVITATIONS TOTRANSMITwiththe 
DID equal tothecur- 


rently stored NID. Within a given network, 
only one COM 


90C26 will timeout 
(the one with the highest 
10 number). 
After sending 
the INVITATION 
TO TRANSMIT, 
the COM 


90C26 waits for activity on the line. If there is no activity for 


._._---- 
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FIGURATION,INVITATIONS 
TO TRANSMIT 
will be sent to 


all 256 possible 
ID's. Each COM 90C26 on the network will 


finally have saved a NID value equal to the 10 of the COM 
90C26 that assumed control from it. From then until the next 
NETWORK 
RECONFIGURATION, 
control 
is passed 


directly from one node to the next with no wasted 
INVITA- 


TIONS 
TO TRANSMIT 
sent to ID's not on the network. 
• 
When a node is powered off, the previous node will attempt 
to pass it the token by issuing an INVITATION TO TRANS- 
- 
MIT. Since this node will not respond, the previous node will 
time out and transmit another 
INVITATION TO TRANSMIT 


to an incremented 
10 and eventually 
a response 
will be 


received. 


The time required 
to do a NETWORK 
RECONFIGURA- 


TION depends 
on the number of nodes in the network, the 


propogation 
delay 
between 
nodes 
and 
the 
highest 
10 


number 
on network 
but will be in the range of 24 to 61 


milliseconds. 


BROADCAST 
MESSAGES 


Broadcasting 
gives a particular 
node the ability to transmit 


a data packet to all nodes on the network simultaneously. 
10 zero is reserved for this feature and no node on the net- 
work can be assigned 
10 zero. To broadcast a message, the 


transmitting 
node's processor simply loads the RAM buffer 


with the data packet and sets the destination 
10 (DID) equal 


to zero. Figure 3 illustrates 
the position of each byte in the 


packet with the DID residing at address 01 HEX of the cur- 
rent page selected in the TRANSMIT 
command. 
Each indi- 
vidual node has the ability to ignore broadcast 
messages 


by setting the most signficant 
bit of the ENABLE 
RECEIVE 


TO PAGE nn command 
(see "WRITE 
COM 90C26 COM- 
MANDS") 
to a logic zero. 


BUFFER CONFIGURATION 
During a transmit sequence, 
the COM 90C26 fetches data 


from the Transmit Buffer, a 256 (or 512) byte segment of the 
RAM buffer. The appropriate 
buffer size is specified 
in the 


DEFINE 
CONFIGURATION 
command. 
When long pack- 
ets are enabled, 
the COM 90C26 will interpret the packet 


as a long or short packet depending 
on whether 
the con- 


FIGURE3- 
RAM 
BUFFER 
PACKET 
CONFIGURATION 


ADDRESS 
o 


1 
2 


FORMAT 


SID 
DID 


COUNT~256 
N 
NOT 
USED 


DATA BYTE 1 
DATA BYTE 2 


DATA BYTE N·1 
DATA BYTE N 


NOT 
USED 


tents of buffer 
location 
002 is zero or non zero. During a 


receive 
sequence, 
the COM 
90C26 
stores 
data in the 


receive buffer, also a 256 (or 512) byte segment of the RAM 
buffer. The processor 
1/0 command 
which enables 
either 


the COM 90C26 receiver or the COM 90C26 transmitter also 
initializes 
the respective 
buffer page register. The formats 


of the buffers (both 256 and 512) byte are shown below. 


ADDRESS 
o 


1 
2 
3 


FORMAT 


SID 
DID 
o 
COUNT = 512 
N 


NOT 
USED 


DATA BYTE 1 
DATABYTE2 


N = DATA PACKET LENGTH 
SID = SOURCE ID 
DID = DESTINATION 
ID 


(0 FOR BROADCASTS) 


• The ID set by the external switches is continually sampled during COM 90C26 operation. 
- ID refers to the identification number of the ID assigned to this node. 
- NID refers to the next identification number that receives the token after this ID passes it. 
- SID = source identification 
- DID = destination identification 
- SOH = start of header character; preceeds all data packets 


PROCESSOR 
INTERFACE 


Figure 2 illustrates a typical COM 90C26 to processor inter- 
face. The signals on the left side of this figure represent typ- 
ical processor 
signals with a 16 bit address bus and an 8 bit 


dat? bus with the data bus multiplexed 
onto the lower 8 


address lines (PAD7 -PADO). The processor sees a network 
node (a node consists of a COM 90C26, RAM buffer, cable 
transceiver, 
etc. as shown in figure 2) as 2K memory 
loca- 


tions and 4 1/0 locations 
within the COM 90C26. 


The RAM buffer is used to hold data packets temporarily 
prior to transmission 
on the network and as temporary 
stor- 


age of all received 
data packets 
directed 
to the particular 


node. The size of the buffer can be as large as 2K byte loca- 
tions providing 
four pages at a maximum 
of 512 bytes per 
page. For packet lengths smaller than 256 bytes, a 1K RAM 
buffer can be used to provide four pages of storage. 
In this 


case address line IA8 (sourced from either the COM 90C26 
or the processor) 
should 
be left unconnected. 
Since four 


pages of RAM buffer are provided, both transmit and receive 
operations 
can be double buffered with respect to the pro- 


cessor. For instance, after one data packet has been loaded 
into a particular 
page within the RAM buffer and a transmit 


command for that page has been issued, the processor can 
start loading another page with the next message in a multi- 
message transmission 
sequence. 
Similarly, after one mes- 
sage is received 
and completely 
loaded 
into one page of 
the RAM buffer by the COM 90C26, another receive com- 
mand can be issued to allow reception 
of the next packet 


while the first packet is read by the processor. 
In general, 


the four pages in the RAM buffer can be used for transmit 
or receive in any combination. 
In addition, the processor will 


also use the interface 
bus (IA10-IA8, 
IAD7-IADO) 
when 


performing 
1/0 access cycles (status reads from the COM 


90C26 or command 
writes to the COM 90C26). 


To accomplish this double buffering scheme, the RAM buffer 
must behave as a dual port memory. To allow this RAM to 
be a standard 
component, 
arbitration 
and control 
on the 


interface 
bus (IA1O-IA8, IAD7-IADO) 
is required to permit 


both the COM 90C26 and the processor access to the RAM 
buffer and, at the same time, permit all processor 
1/0 oper- 


ations to or from the COM 90C26. 


Processor access cycle requests begin on the trailing edgeI 
of AS if either 10REQ or MREQ is asserted. 
These access 


CcYoCIMes90ruCn 
6coBmPIetelYafsyhnchronous with respect 
to thle 
_ 
2. 
ecause 0 t IS, upon processor access cyc e 


requests, the COM 90C26 immediately 
puts the processor 


into a wait state by asserting 
the WAIT output. This gives 


the COM 90C26 the ability to synchronize 
and control the 


processor 
access cycle. When the processor 
access cycle 


is synchronized 
by the COM 
90C26, 
the WAIT signal 
is 


eventually 
removed 
allowing 
the processor 
to complete 
its cycle. 


For processor 
RAM buffer access 
cycles, 
AlE and ADIE 


enable the processor address captured during AS time onto 
the interface 
address bus (IA10-IA8, 
IAD7-IADO). The sig- 


nal [ will capture the 8 least significant 
bits of this address 


(appearing 
on IAD7-IADO) 
before the data is multiplexed 


onto it. At the falling 
edge of L, a stable 
address 
is pre- 


sented to the RAM buffer. For read cycles, OE allows the 
addressed RAM buffer data to source the interface addressl 
data bus (IAD7-IADO). In figure 2, this information is passed 
into a transparent 
latch gated with WAIT. At the falling edge 


of WAIT, the data accessed 
by the processor 
is captured 
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and driven out via the logic function 
RD ended with REO. 


For r:1rocessor I/O read cycles from the COM 90C26, ADIE 
and AlE are used to enable the processor 
address into the 
COM 90C26. Data out of the COM 90C26 is gated through 
the transparent 
latch and appears on the processor's 
data 
bus with the same control signals used for RAM read cycles: 


For processor 
write cycle~ter 
the falling edge of C, the 


COM 90C26 
produces 
a WE (write enable) 
output to the 
RAM buffer, and the IlE output from the COM 90C26 allows 
the processor data to source the interface address/data 
bus 


(IAD7-IADO). 
At this time the COM 90C26 waits for DWR 
before concluding 
the cycle by removing the WAIT output. 


DWR should only be used if the processor 
cannot deliver 
the data to be written in enough time to satisfy the write setup 
time requirements 
of the RAM buffer. By delaying the acti- 


vation of DWR, the period of the write cycle will be extended 
until the write data is valid. Since the architecture 
and oper- 
ation of the COM 90C26 requires periodic reading and writ- 
ing of the RAM buffer in a timely manner, holding the DWR . 
input off for a long period of time, or likewise by running the 
processor 
at a slow speed, 
can result in a data overflow 


condition. 
It is therefore recommended 
that if the processor 


write data setup time to the RAM buffer is met, then the DWR 
input should be grounded. 


For processor I/O write cycles to the COM 90C26, ADIE and 
AlE are used to enable the processor's 
address 
onto the 
interface 
data bus. IlE 
is used to enable the processor's 
write data into the COM 90C26. 
Delaying the activation 
of 
DWR will hold up the COM 90C26 cycle requiring the same 
precautions 
as stated for Processor 
RAM Write cycles. 


As stated previously, processor 
requests occur atthe falling 
edge of AS if either 10REO or MREO are active. COM 90C26 
requests occur when the transmitter or receiver need to read 
or write the RAM buffer in the course of executing the com- 
mand. If the COM 90C26 requests a bus cycle at the same 
time as the processor, 
or shortly 
after the processor, 
the 
COM 90C26 cycle will follow immediately 
after the proces- 
sor cycle. Figure 
5 illustrates 
the timing 
relationship 
of a 
Processor RAM Read cycle followed by a COM 90C26 RAM 
read cycle. 
Once the AS signal 
captures 
the processor 
address to the RAM buffer and requests a bus cycle, it takes 
4 ClK periods for the processor cycle to end. Figure 5 breaks 
up these 4 ClK 
periods into S half clock interval labeled 1P 
through 
SP. A COM 90C26 
access 
cycle will take 5 ClK 
periods to end. Figure 5 breaks up these 5 ClK 
periods into 
10 half intervals labeled 1C through 
10C. 


If a processor 
cycle request 
occurs 
after a COM 90C26 
request has already 
been granted, 
the COM 90C26 cycle 
will occur first, as shown in figure 5. Figure 6 illustrates the 
timing relationship 
of a COM 90C26 
RAM Write cycle fol- 
lowed by a Processor 
RAM Write cycle. Due to the asyn- 
chronous 
nature of the bus requests 
(AS and ClK), 
the 
transition 
from the end of the COM 
90C26 
cycle to the 
beginning 
of the processor 
cycle might have some dead 
time. Refering to figure 6, if AS falling edge occurs after the 
start of half ClK 
interval 9C, no real contention 
exists and 
it will take between 
200 and 500 nanoseconds 
before the 
processor 
cycle can start. The start of the processor 
cycle 
is defined 
as the time when the COM 90C26 produces 
a 
leading edge on both ADIE and AlE. If the processor request 


AS __ 
~~~ 
I~ 


~::==x~- 
~t;=JnJ 


l~ 


II 


X 
HI ADDR 


PAD7·Q 
~X~_LO_A_D_D~RX PROCESSOR 
WRITE DATA 


\\\\ 
III 


REO 
~/~/~77 


WAIT 
~I 


A5iE. 
AlE 
---------------\ 
1 


\_------~~ 
~I 


••• ..,~ 
•• 
..,.." 
•••..• ..,.., 
••••, , .•••• ..,..,.., 
, ••••••• 
.., ••••••••.., •••••' , .•••••••••, •••• ~•••••, 
.•••••••••t" 
•••••, , .••••,. ':::1 
•.•••• , ••••.••• 
particular 
timing relation between AS and ClK. 
The maxi- 


mum time between processor 
request and processor 
cycle 


start, which occurs when the processor 
request comes just 


after a COM 90C26 request, is 1300 nanoseconds. 
It should 


be noted that all times specified 
above assume a nominal 


ClK 
period of 200 nanoseconds. 


Figures 7 and 8 illustrate 
timing for Processor 
Read COM 


90C26 
and Processor 
Write 
COM 90C26 
respectively. 


These cycles are also shown divided into 8 half clock inter- 
vals (1P through 
8P) and can be inserted 
within figures 
5 


and 6 if these processor 
cycles occur. 


POWER UP AND INITIALIZATION 


The COM 90C26 has the following 
power up requirements: 


1- 
The 
POR 
input 
must 
be active 
for 
at least 
100 


milliseconds. 
2- 
The ClK 
input must run for at least 10 clock cycles before 


the POR input is removed. 
3-While 
POR is asserted, 
the CA input may be running or 


held 
high. 
If the CA input 
is running, 
POR may be 


released 
asynchronously 
with respect to CA. If the CA 


input is held high, POR may be released 
before CA 


begins running. 


During 
POR the status register 
will assume 
the following 


state: 


BIT 7 (RI) set to a logic "1". 
BIT 6 (ETS2) not affected 
BIT 5 (ETS 1) not affected 
BIT 4 (POR) set to a logic "1". 
BIT 3 (TEST) set to a logic "0". 


enabled). 
page 00 IS selected 
tor both the receive and the 


transmit 
RAM buffer. After the POR signal is removed, the 


COM 90C26 will generate 
an interrupt from the non mask- 


able Power On Reset interrupt. 
The COM 90C26 will start 


operation 
four CA clock 
cycles 
after the POR signal 
is 


removed. At this time, the COM 90C26, after reading its IDI 
from the external shift register, will execute two write cycles 
to the RAM buffer. Address 00 HEX will be written with the 
- 
data D1 HEX and address 01 HEX will be written with the 
ID number as previously 
read from the external shift regis- 


ter. The processor 
may then read RAM buffer address 01 


to determine 
the COM 90C261D. It should be noted that the 


data pattern D1 written into the RAM has been chosen arbi- 
trarily. Only if the D1 pattern appears in the RAM buffer can 
proper operation 
be assured. 


CLOCK GENERATOR 


The COM 90C26 
uses two separate 
clock inputs namely 


CA and ClK. 
The ClK 
input is a 5 MHz free running clock 


and the CA input is a start/stop 
clock periodically 
stopped 


and started to allow the COM 90C26 to synchronize 
to the 


incoming data that appears on the RX input. 


Figure 9 illustrates the timing of the CA clock generator and 
its relationship 
to the DSYNC output and the RX input. The 


DSYNC output is used to control the stopping of the CA clock. 
On the next rising edge of the CA input after DSYNC 
is 


asserted, 
CA will remain 
in the high state. The CA clock 


remains 
halted in the high state as long as the RX signal 


remains 
high. When the RX signal goes low, the CA clock 


is restarted 
and 
remains 
running 
until 
the 
next 
falling 


edge of DSYNC. 
(See figure 
10 for an implementation 
of 


this circuit.) 
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There are three timeouts 
associated 
with the COM 90C26 


operation. 


Response Time 


This timeout 
is equal to the round trip propagation 
delay 


between the 2 furthest 
nodes on the network plus the max- 
imum turn around time (the time it takes a particular 
COM 


90C26 to start sending a message in response to a received 
message) which is known to be 12 microseconds. The round 
trip propagation delay is a function of the transmission media 
and network topology. For a typical system using RG62 coax 
in a baseband 
system, a one way cable propagation 
delay 
of 31 microseconds translates to a distance of about 4 miles. 
The flow chart in figure 
4 uses a value of 74.7 microsec- 


onds 
(31 + 31 + 12 + margin) 
to determine 
if any 
node 


will respond. 


IdleTime 


This time is associated 
with a NETWORK 
RECONFIGUR- 
ATION. 
Refering 
to figure 
4, during 
a NETWORK 
RE- 
CONFIGURATION 
one node will continually 
transmit INVI- 
TATIONS TO TRANSMIT 
until it encounters an active node. 


Every other node on the network must distinguish 
between 


this operation 
and an entirely idle line. During NETWORK 


RECONFIGURATION, 
activity will appear on the line every 


78 microseconds. 
This 78 microsecond 
is equal 
to the 


response time of 74.7 microseconds 
plus the time it takes 


the COM 90C26 
to retransmit 
another 
message 
(usually 
another 
INVITATION 
TO TRANSMIT). 
The actual timeout 


is set to 78.2 microseconds 
to allow for margin. 


Reconfiguration 
Time 


If any node does not receive the token within this time, the 
node will initiate a NETWORK 
RECONFIGURATION. 


The ET2 and ET1 inputs allow the network to operate over 
longer distances 
than the 4 miles stated earlier. DC levels 
on these inputs control the maximum 
distances 
over which 


the COM 90C26 can operate 
by controlling 
the 3 timeout 
values described 
above. Table 1 illustrates 
the response 


time and reconfiguration 
time as a function of the ET2 and 


En 
inputs. It should be noted that for proper network oper- 
ation, all COM 90C26's connected to the same network must 
have the same response time, idle time and reconfiguration 
time. 


RESPONSE 
IDLE 
RECONFIGURATION 


ET2 
ET1 
TIME (•.•.s) 
TIME (•.•.S) 
TIME (ms) 


1 
1 
78 
86 
840 


1 
0 
285 
316 
1680 


0 
1 
563 
624 
1680 


0 
0 
1130 
1237 
1680 


TABLE 1 
COM 90C26 INTERNAL PROGRAMMABLE 


TIMER VALUES 


I/O COMMANDS 


I/O commands 
are executed by activating the 10R~ 
input. 


The COM 9OC26 will interrogate the ADO and the RIW inputs 
at ihe AS time to execute commands 
according 
to the fol- 
lowing table: 


10REa 
ADO 
R/W 
FUNCTION 


low 
low 
low 
write interrupt mask 
low 
low 
high 
read status register 
low 
high 
low 
write COM 90C26 command 


low 
hiqh 
hiqh 
reserved for future use 


READ STATUS REGISTER 


Execution of this command 
places the contents 
of the sta- 


tus register on the data bus (AD7-ADO) during the read por- 
tion of the processor's 
read cycle. The COM 90C26 status 


register contents 
are defined as follows: 


BIT 7-Receiver 
inhibited 
(RI)-This 
bit, if set high, indi- 
cates that a packet has been deposited into the RAM 
buffer 
page nn as specified 
by the last ENABLE 
RECEIVE 
TO PAGE nn command. 
The setting of 
this bit can cause an interrupt via INTR if enabled 
during a WRITE INTERRUPT 
MASK command. No 
messages 
will 
be received 
until 
an ENABLE 
RECEIVE 
TO PAGE nn command 
is issued. After 
any message 
is received, 
the receiver is automat- 
ically inhibited 
by setting this bit to a logic one. 


BIT 6-Extended 
Timeout 
Status 2 (ETS2)- 
This bit re- 


flects the current logic value tied to the ET2 input pin 
(pin 1). 
BIT 5-Extended 
Timeout 
Status 
1 (ETS1)-This 
bit re- 
flects the current logic value tied to the ET1 input pin 
(pin 3). 


BIT 4-Power 
On Reset (POR)- 
This bit, if set high, indi- 
cates that the COM 90C26 has received an active 
signal on the POR input (pin 40). The setting of this 
bit will cause a nonmaskable 
interrupt via INTR. 


BIT 3- 
Test (TEST)- 
This bit is intended for test and diag- 
nostic purposes. 
It will be a logic zero under any 
normal operating 
conditions. 
BIT 2-Reconfiguration 
(RECON)- 
This bit, if set high, 


indicates 
that the reconfiguration 
timer has timed 
out because 
the RX input was idle for 78.2 micro- 
seconds. 
The setting of this bit can cause an inter- 
rupt via INTR if enabled by the WRITE INTERRUPT 
MASK 
command. 
The bit is reset 
low during 
a 
CLEAR 
FLAGS command. 
BIT 1- 
Transmit Message Acknowledged 
(TMA)- 
This bit, 


if set high, indicates that the packet transmitted 
as 
a result of an ENABLE 
TRANSMIT 
FROM PAGE 
nn command 
has been positively 
acknowledged. 


This bit should 
only be considered 
valid after the 
TA bit (bit 0) is set. Broadcast 
mesages 
are never 
acknowledged. 


BIT 0- 
Transmitter 
Available 
(TA)- 
This bit, if set high, 


indicates 
that the transmitter 
is available for trans- 
mitting. 
This bit is set at the conclusion 
of a ENA- 
BLE TRANSMIT 
FROM PAGE nn command or upon 
the execution 
of a DISABLE TRANSMITTER 
com- 
mand. The setting of this bit can cause an interrupt 
via INTR if enabled 
by the WRITE 
INTERRUPT 
MASK command. 


WRITE INTERRUPT MASK 


The COM 90C26 is capable of generating 
an interruptsignal 
when certain status bits become true. A write to the MASK 
register specifies 
which status bits can generate 
the inter- 


rupt. The bit positions in the MASK register are in the same 
position 
as their corresponding 
status bits in the STATUS 
register with a logic one in a bit position 
enabling 
the cor- 


responding 
interrupt. 
The setting 
of the TMA, EST1, and 
EST2 status 
bits will never cause an interrupt. 
The POR 
status bit will cause a non-maskable 
interrupt regardless 
of 
the value of the corresponding 
MASK register bit. The MASK 
register takes on the following 
bit definition: I 


The three maskable status bits are anded with their respec- 
tive mask bits, and the results, along with the POR status 
bit, are or'ed to produce the processor interrupt signal INTR. 
This signal returns to its inactive 
low state when the inter- 
rupting status bit is reset to a logic "0" or when the corre- 
sponding 
bit in the MASK register is reset to a logic "0". To 


clear an interrupt generated as a result of a Power On Reset 
or Reconfiguration 
occurance, 
the CLEAR 
FLAGS 
com- 


mand should be used. To clear an interrupt generated 
as a 


result 'of a completed 
transmission 
(TA) or a completed 


reception (RI), the corresponding 
masks bits should be reset 


to a logic zero. 


Execution 
of the following 
commands 
are initiated by performing 
a processor 
1/0 write with the written data defining 
the 


following 
commands: 


WRITTEN 
DATA 
COMMAND 


00000000 
reserved 
for future 
use 


00000001 
DISABLE 
TRANSMITTER-This 
command 
will cancel any pending 
transmit 
command 
(transmission 
has not yet started) when the COM 90C26 next receives the token. This com- 


mand will set the TA (Transmitter 
Available) 
status bit when the token is received. 


00000010 
DISABLE 
RECEIVER-This 
command 
will cancel 
any pending 
receive 
command. 
If 
the COM 90C26 
is not yet receiving 
a packet, 
the RI (Receiver 
Inhibited) 
bit will be set 


the next time the token is received. 
If packet 
reception 
is already 
underway, 
reception 
will run to its normal 
conclusion. 


000nn011 
ENABLE 
TRANSMIT 
FROM 
PAGE nn- 
This command 
prepares 
the COM 90C26 
to 
begin a transmit 
sequence 
from RAM buffer 
page nn the next time it receives 
the 
token. When this command 
is loaded, 
the TA and TMA bits are set to a logic "1 ". The 
TA bit is set to a logic one upon completion 
of the transmit 
sequence. 
The TMA bit will 
have been set be this time if the COM 90C26 
has received 
an acknowledgement 
from 
the destination 
OM 90C26. 
This acknowledgement 
is strictly 
hardware 
level which 
is 
sent by the receiving 
COM 90C26 
before 
its controlling 
processor 
is even aware of 
message 
reception. 
It is also possible 
for this acknowledgement 
to get lost due to line 
errors, etc. This implies 
that the TMA bit is not a guarantee 
of proper 
destination 
reception. 
Refer to figure 3 for details 
of the transmit 
sequence 
and its relation 
to the 
TA and TMA status 
bits. 


bOOnn100 
ENABLE 
RECEIVE 
TO PAGE nn- 
This command 
allows the COM 90C26 
to receive 
data packets 
into RAM buffer page nn and sets the RI status 
bit to a logic zero. If "b" is 
a logic "1 ", the COM 90C26 
will also receive 
broadcast 
transmissions. 
A broadcast 
transmission 
is a transmission 
to ID zero. The RI status 
bit is set to a logic one upon 


successful 
reception 
of a message. 


0000c101 
DEFINE 
CONFIGURATION-If 
c is a logic "1 ", the COM 90C26 
will handle 
short as 


well as long packets. 
If c is a logic "0", the COM 90C26 
will only handle short 
packets 


(less than 254 bytes). 


000rp110 
CLEAR 
FLAGS-If 
P is a logic "1" the POR status flag is cleared. 
If r is a logic "I", the 
RECON 
status flag is cleared. 


All other combinations 
of written 
data are not permitted 
and can result in incorrect 
chip andlor 
network 
operation. 
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MAXIMUM 
GUARANTEED 
RATINGS* 


Operating 
Temperature 
Range 
0 to 70°C 


Storage 
Temperature 
Range 
- 55 to 150°C 


lead 
Temperature 
(soldering, 
10 seconds) 
+ 325°C 


Positive 
Voltage 
on any pin 
Vee + 0.3V 
Maximum 
Vee 
+ 7V 
Negative 
Voltage 
on any pin, with respectto 
ground 
- 0.3V 


*Stresses 
above 
those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 


device 
at these or any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
be exceeded 
or device 
failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 


is switched 
on and off. In addition, 
voltage 
transients 
on the AC power line may appear 
on the DC output. 
If this possibility 
exists, 
it is 
suggested 
that a clamp 
circuit 
be used. 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


V" 
input low voltage 
-0.3 
0.8 
V 


V1H1 
input high voltage 
1 
2.2 
Vee 
V 
except 
CA and elK 


V1H2 
input 
high voltage 
2 
Vec1.0 
6.5 
V 
for CA or ClK 


VOL1 
output 
low voltage 
1 
0.4 
V 
10,= 
1.6ma 


VOL2 
output 
low voltage 
2 
0.5 
V 
10,=2.0ma 


VOH1 
output 
high voltage 
2.4 
V 
except 
Tx and DSYNC 


10H= -100",A 


VOH2 
output 
high voltage 
3.2 
V 
Tx and DSYNC 
only 
10H= -100",A 
I, 
input leakage 
current 
±10 
",A 


C'N 
input capacitance 
20 
pf 


COB 
data bus capacitance 
50 
pf 


C, 
all other 
capacitance 
30 
pf 


Ice 
power 
supply 
current 
16 
ma 


COM90C26 
COM90C32** 
OR 
COM9026 
COAX 


TX 
TX 
or 


HYC9058* 
FIBER 


CA 
CA 
PULS2 
(HITI) 


OPTICS 


DSYNC 
DSYNC 
PULS1 
OR 
HYC906S* 
RX 
RXOUT 
(LAND) 
AX IN 
OR 
R-3101 * 


ClK 
LAN ClK 
OPTO 


IDlD 
IDDAT 


OSC 


20 MHZ 
SQUARE 
WAVE 


*HYC9058 
-High 
Impedence 
Transceiver (HITI) 
See page 257 of 
Data Catalog. 


HYC9068 
-Local 
Area Network 
Driver (lAND) 
See page 263 of 
Data Catalog. 


R-3101 
-Pin 
Compatible 
Fiber Optic Driver 
Raycom Systems 
6395 Gunpark 
Drive 
Boulder, Colorado 80301 


**COM91C32 
-Local 
Area Network 
Transceiver is also compatible 
with the COM90261COM90C26. 
See page 247 of Data Catalog 


tpEA1 
ClK 
period 
190 
200 
600 
ns 


toFFl 
ClKofftime 
65 
ns 


tpw, 
CA pulse width 
60 
ns 


tpEA2 
CAperiod 
190 
ns 


toFF2 
CA off time 
60 
100 
300 
ns 


tA 
ClK, 
CA rise time 
20 
ns 
t, 
ClK, 
CA fall time 
20 
ns 


t, 
width of addr. strobe 
50 
400 
ns 
t, 
REO output 
delay 
0 
100 
ns 
I 


t3 
WAIT assertion 
delay 
0 
200 
ns 


t, 
delay to rising edge 
of processor 
cycle 
tp 
2tp+ 100 
ns 
tp= tPER1 


t, 
data hold into COM 9026 
80 
ns 
to 
setup COM 9026 data out 
60 
ns 


t, 
WE delay 
from ClK 
0 
100 
ns 
t. 
TX on delay from CA 
10 
150 
ns 
falling 
edge 
t. 
TX off delay from CA 
10 
150 
ns 


falling 
edge 


t" 
AS period 
7/2tp 
ns 
tp = tPEA2 
t" 
DSYNC 
delay from CA 
10 
150 
ns 
rising edge 


t" 
delay to wait off 
20 
100 
ns 


t" 
DWR setup time 
50 
ns 


t" 
IlE 
delay from ClK 
10 
100 
ns 


t" 
processor 
addr. setup from ADIE, 
50 
ns 


t,. 
processor 
command 
setup_time 
125 
ns 


t" 
addr. enable 
setup ti~e 
to l 
50 
ns 


t,. 
addr. hold time from l 
50 
ns 


t,. 
strobe 
and data hold for read 
20 
ns 


t20 
AD bus HI impedance 
to OEs 
0 
ns 


t" 
delay of IDlD 
from ClK 
rising edge 
0 
120 
ns 


t" 
delay of IDDAT from ClK 
rising edge 
0 
50 
ns 


t" 
off delay from ClK 
rising edge 
0 
100 
ns 


t" 
addr. to RAM data valid 
300 
ns 


t25 
OE setup to WAIT falling edge 
140 
ns 


t,. 
strobe 
& data hold for write 
50 
ns 


t" 
addr. enable 
setup to WAIT 
300 
ns 


t,. 
ADIE to OE delay 
40 
ns 


t,. 
COM 9026 write data hold time 
80 
ns 


t30 
OE to RAM data valid 
0 
140 
ns 


t" 
status 
setup to AS falling 
edge 
50 
ns 


t" 
status 
hold from AS falling 
edge 
50 
ns 


t" 
RX setup to CA rising edge 
80 
ns 


t" 
RX hold time from CA rising edge 
30 
ns 


t" 
POR active time 
100 
us 
after V cc has been stable 
for 


time t". the minimum 
POR 


active time is 10 cycles 
of ClK. 


The above 
timing 
information 
is valid for a worst case 40% to 60% duty cycle on ClK. 
All times are measured 
from the 50% point of 
the signals. 
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FIGURE 12-PROCESSOR 
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Circuit diagrams utilizing SMC products are included as a means 01 illustrating 
typical semiconductor 
applica- 
tions; consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 
information 
has been carefully 
checked and is believed to be entirely 
reliable. However. no responsibility 
is 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the semiconductor 
devices described 
any license 
under the patent rights of SMC or others. 
SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


222 


COM90C32 
Local Area Network Transceiver 
LANT 


FEATURES 
o Reduces chip count for COM 9026 and COM 90C26 ARCNET® 
implementations 
by 6-8 TTl chips 


o Performs 
all clock generation functions 


for the COM 9026 and COM 90C26 


o Compatible 
with the COM 9026 and COM 90C26 


o Provides line drive signals 


for transmission 


o Converts 
incoming 
serial receive 


data to NRZ data format 


o Generates 
two 4 MHz general purpose 


clocks 


o See COM 91C32 (Improved 
version 


with built-in Crystal Oscillator) 


GENERAL 
DESCRIPTION 


The COM 
90C32 
local area 
network 
transceiver 
is a 


companion 
chip to the COM 9026/COM 
90C26 local 
Area 


Network Controller 
(lANC) 
and will perform the additional 
functions 
necessary 
to 
allow 
simple 
interface 
to 
a 
transmission 
media for all ARCNET® 
(or equivalent) 
local 
area networks. Using a 20 MHz input clock, the COM 90C32 
will 
produce 
two, 
5 MHz 
clocks 
for 
the 
COM 
90261 
COM 90C26. The first 5 MHz clock is free running and will 
directly feed the ClK 
input of the COM 9026/COM 
90C26 


(pin 19). The second 5 MHz clock has start/stop 
capability 
which is controlled 
by the DSYNC output of the COM 90261 


COM 90C26 (pin 36) and the received data input as required 
by the COM 9026/COM 90C26 (pin 2). Two additional 4 MHz 
free running clocks are also generated 
on the COM 90C32 


tv allow operation of other logic, a microprocessor, 
or an lSI 
controller. 
During 
data 
reception, 
the COM 
90C32 
will convert 
incoming 
serial receive data from the transmission 
media 
to NRZ form which 
will directly 
feed the RX input of the 
COM 9026/COM 
90C26 (pin 38). During transmission, 
the 
COM 90C32 converts the transmit data from the COM 90261 
COM 90C26 (TX, pin 37) into the waveforms 
necessary 
to 
drive 
opposite 
ends 
of the 
rf transformer 
used 
in the 
ARCNET® cable electronics 
shown in figure 2. 


®ARCNET 
is a registered 
trademark 
of the 
Datapoint 
Corporation. 
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FIGURE 1: 
COM 90C32 BLOCK DIAGRAM 


COM9026 
OR 
COM90C26 
TX 


CA 


DSYNC 


RX 


fOLD 


IDDAT 


TX 


CA 
PULS2 


DSYNC 
PULS1 


RXOUT 


RXIN 


LANCLK 


20 MHZ 
SQUARE 
WAVE 


HYC905S* 
(HIT) 
OR 
HYC906S* 
(LAND) 
OR 
R-31 01 * 
OPTO 


•HYC9058 
- 
High Impedance 
Transceiver 
(HIT) 


See page 257 


HYC9068 
- 
Local Area Network 
Driver (LAND) 
See page 263 


R·3101 
- 
Pin compatible 
Fiber Optic Driver 
Raycom 
Systems 
6395 Gunpark 
Drive 
Boulder, Colorado 
80301 


"COM91C32 
- 
Improved 
Local 
Area 
Network 
Transceiver 
is also compatible 
with the COM 9026/90C26. 
See 
page 
247 


COAX 
or 
FIBER 
OPTICS 


DESCRIPTION 
OF PIN FUNCTIONS 
(Refer to figure 2) 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 
1,2 
PULSE 2 
PULS2 
PULS2 and PULS1 are two nonoverlaPRiij negative pulses which occur every 
PULSE 1 
PULS1 
time the TX input is pUlsed. PULS2 and P LS1 are used to feed an external 
driver as shown in figure 2. 
3 
BLANK 
BLNK 
When used with the circuitry shown in figure 2, this output should be left 
unconnected. The timing of this signal is shown in figure 4. 


10 
RECEIVE IN 
RXIN 
This input is the recovered receive data from the network. For each dipulse 
appearing on the network, the comparator shown in figure 2 will produce a 
positive pulse which directly feeds this input. 


11 
RECEIVE 
RXOUT 
This output is the NRZ data generated as a function of the RXIN pulse waveform 
OUT 
which directly feeds the RX input of the COM9026/COM90C26, (pin 38). 
12 
DELAYED 
DSYNC 
This active low input, which is asserted by the COM9026/COM90C26, will halt 
SYNC 
the CA clock output. 


13 
CA 
CA 
This output is a 5 MHz start/stop clock that is halted when DSYNC goes active 
low and restarted by a low signal on the RXOUT output. This clock is capable of 
drivinQ70 pf plus one LS load with 20 nanoseconds rise and fall times. 


14 
TRANSMIT 
TX 
This input, which is asserted by the COM9026/COM90C26, is the serial data 
DATA 
transmitted by the node. 


15 
TRANSMIT 
INHTX 
This active low input inhibits the TX signal from initiating transmit signals by 
INHIBIT 
forcing PULS1 and PULS2 to a high and BLNK to a low.This signal should be 
asserted durinQa power on reset condition. 
I 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 
4 
CPU CLOCK 
CPUCLK 
This output is a 4 MHz free running clock capable of driving 130 pf with 30 
nanosecond rise and fall times. It is identical to the TiLCLK 
input when CKSEL is 
high. When CKSEL is low,this output becomes the inversion of the signal that is 
fed into the TTLCLK input. 


5 
CLOCK 
CKSEL 
This input selects the clock interface option for the TTLCLK and CPUCLK. When 
SELECT 
this signal is high, both the TTLCLK and CPUCLK are identical 4 MHz free 
running clock outputs which are generated from the 20 MHz input clock (OSC) via 
a divide by 5 frequencc 
divider. When this input is low,the TTLCLK pin becomes 
an input and the CPU 
LK output will produce the inversion of the signal 
appearing on TTLCLK input. 


6 
TTLCLOCK 
TTLCLK 
This pin can be either an input or an output dependinl!"on the state of the 
CKSEL input. When CKSEL is high, a free running 4 
Hz clock is ouput. When 
CKSEL is low,the pin becomes an input which drives an inverter that feeds the 
CPUCLK output. 


7 
OSCILLATOR 
OSC 
This input requires a 20 MHz clock. (See COM91C32 for built-in oscillator). 
'9 
LOCAL AREA 
LANCLK 
This output will supply the free runnin!;l5 MHz clock to the COM90261 


NETWORK 
COM90C26, pin 19. It is capable of driving 70 pf plus one LS load with 20 
CLOCK 
nanoseconds rise and fall times. 
8 
GROUND 
GND 
Ground 
16 
+5 VOLT 
Vcc 
PowerSupply 
SUPPLY 


Transmit logic (refer to figures 2 and 4) 
_The 
COM 9026/COM 
90C26, when transmitting 
data on 
TX, will produce 
a negative 
pulse of 200 nanoseconds 
in 
duration 
to indicate 
a logic "1" and no pulse to indicate a 
!Qgic "0". Refering to figure 4, a 200 nanosecond 
pulse on 
TX is converted 
to two, 100 nanosecond 
non over~ 
pulses shown as PULS1 and PULS2. The signals PULS1 
and PULS2 
are used to create 
a 200 nanosecond 
wide 
dipulse 
by driving 
opposite 
ends 
of the RF transformer 
shown in figure 2. 


Receive logic (refer to figures 2 and 5) 
As each 
dipulse 
appears 
on the cable, 
it is coupled 


through 
the RF transformer, 
passes through the matched 


filter, and feeds the 75108B 
comparator. 
The 75108B 
pro- 


duces a positive pulse for each dipulse 
received from the 
cable. These pulses are captured 
by the COM 90C32 and 
are converted 
to NRZ data with the NRZ data bit bounda- 
ries being delayed by 5 OSC clock periods as shown in fig- 
ure 5. As each byte is received 
by the COM 9026/COM 
90C26, 
the CA clock is stopped 
by the COM 9026/COM 
90C26 
(via DSYNC) 
until the first bit of the next byte is 
received which will automatically 
restart the CA clock. The 
COM 9026/COM 
90C26 uses the CA clock to sample the 
NRZ data and these sample points are shown in figure 5. 


Typically, RXIN pulses occur at multiples of the transmis- 
sion rate of 2.5 MHz (400 nanoseconds). 
The COM 90C32 
can tolerate 
distortion 
of plus or minus 100 nanoseconds 
and still correctly 
capture 
and convert the RXIN pulses to 
NRZformat. 
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+ 7V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


DC ELECTRICAL 
CHARACTERISTICS 
(T, = O°C to + 70°C, Vee = 5V :':5%) 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


INPUT 
VOLTAGES 


V'H 
2.7 
V 


VOL 
0.8 
V 


OUTPUT 
VOLTAGES 


VOH1 
2.4 
V 
10H= - 0.4 mA, PULS 1, PULS2, 
BLNK, 
RXOUT 
and TTLCLK 


outputs. 
V",-, 
0.4 
V 
10L= 4.0 mA, PULS1, 
PULS2, 


BLNK, 
RXOUT 
and TTLCLK 


outputs. 
VOH2 
Vee·0.5 
V 
10H= - 0.1 mA, CPUCLK 
output. 


Vou 
0.4 
V 
10L= 0.1 mA, CPUCLK 
output. 


VQH3 
Vcc-0.5 
V 
10H= - 0.1 mA, CA and LANCLK 
outputs. 


VOL' 
0.4 
V 
10L= 0.4 mA, CA and LANCLK 
outputs. 
LEAKAGE 
CURRENT 


I" 
50 
jJ.A 
TTLCLK 
input with CKSEL 
low. 


I,. 
10 
jJ.A 
all other inputs. 


INPUT 
CAPACITANCE 
C'N 
20 
pf 


SUPPLY 
CURRENT 
Ice 
20 
mA 
at 20 MHz OSC frequency. 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


OSC Input 
ley, 
50 
ns 


leH' 
20 
ns 


leu 
20 
ns 


CA, LANCLK 
leY2 
200 
ns 


leH2 
75 
ns 


leL2 
75 
ns 


tF2 
20 
ns 


tR2 
20 
ns 


TTLCLK 
lev, 
250 
ns 


leH' 
110 
ns 


Ie" 
110 
ns 


CPUCLK 
(CKSEL 
is high) 


lev. 
250 
ns 


Ie••• 
110 
ns 


Ie" 
110 
ns 


tF• 
30 
ns 


t", 
30 
ns 


tOCK 
45 
ns 
for CKSEL 
low. 


TRANSMIT 
TIMING 


tSTC 
50 
30 
ns 


tHTC 
10 
ns 


top 
60 
ns 


tP1W 
2teyo 
ns 


tWB 
ley, 
ns 


tP2W 
2teyo 
ns 


tAST 
40 
ns 


RECEIVE 
TIMING 


tRS 
30 
ns 


tRW 
10 
ns 


too 
70 
ns 


tRO 
5ley, +100 
ns 


tsse 
10 
ns 


tsse 
20 
ns 


,"ow 
400 
ns 
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~ J£ 
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(CKSEL=HIGH~) 
---------~ 


_=__ 
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I 


Circuit 
diagrams utilizing 
SMC products 
are included 
as a means of illustrating 
typical 
semiconductor 
applica- 


tions; 
consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 


information 
has been carefully 
checked 
and is believed to be entirely 
reliable. However, 
no responsibility 
is 
assumed for inaccuracies. 
Furthermore, such information 
does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product 
possible. 
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COM9046 


Single Side Band Speech Scrambler 


o Speech Scrambling/Descrambling 
o High Dynamic 
Range 


o Low Voltage Operation 
o Low Power Consumption 
o On Board Crystal Oscillator 
o Uses Common 
Color Burst Crystal 


o Full Duplex Operation 
o Selectable 
Scramble 
Enable/Disable 


o Switched 
Capacitor 
Filter 


o COPLAMOS® 
n-Channel 
Silicon Gate Technology 


N/C 


Scramble 


Vss 


Ref 


In-S 


Out-S 


Vdd. 


The COM9046 
is a monolithic 
integrated 
circuit contain- 
ing a voice scrambler, 
a descrambler 
and a crystal oscilla- 
tor. 
It is designed 
to provide 
speech 
communication 


equipment 
with a privacy 
feature. 
The COM9046 
is also 


designed 
to operate with power supply voltages 
as low as 


± 2Volts. The low voltage 
operation 
and low power con- 
sumption 
of the COM9046 
make it ideal for use in portable 


equipment. 


Two identical 
speech 
channels 
are contained 
in the 


COM9046 
for full duplex operation. 
Either channel is capa- 


1 
14 


2 
13 


3 
12 


4 
11 


5 
10 
6 
9 


7 
8 


XTAL2 


N/C 


XTAL, 


In-A 


Out-A 


Vdd 


ble of performing 
the scrambling 
or descrambling 
function. 


These functions 
can be enabled or disabled via an external 


pin. The on-board 
oscillator 
employs 
an inexpensive 
3.58 


MHz TV color-burst 
crystal. Switched capacitor techniques 


are used 
to perform 
analog 
signal 
processing 
in the 


COM9046. 


Typical 
applications 
for 
the 
COM9046 
are 
Voice 


Communications, 
Cellular 
Phones, 
Wireless 
Phones, 


PBX's, 
Dictation 
Machines, 
Two-way 
Radios 
and Audio 


Recording 
Equipment. 


I 


DOUBLE 


SIDEBAND 


MODULATOR 


+ 
10 
.1!'fp 


!'f 
10M 


l1sPf '"1001' 


PIN # 
NAME 
SYMBOL 
DESCRIPTION 


1 
N/C 
No Connection 


2 
Scramble 
- 
Vss applied to this pin asserts the scramble; 
Vdd asserts non-scramble. 


3 
Digital Supply 
Vss 
Negative digital supply. Vss is typically 
- 2.6 volts with respect to pin 4. 


4 
Ref Input 
Ref 
Analog ground or mid-supply 
voltage. This is the chip 0 volt reference. 


5 
Audio Input B 
In-B 
Channel 
B audio input. D.C. voltage must be OV with respect to pin 4. 


6 
Audio Output B 
Out-B 
Channel 
B audio output. DC voltage is OV typical with respect to pin 4. 


7 
Analog Supply 
VddA 
Positive analog supply. Vdd is typically + 2.6 volts with respect to pin 4. 


8 
Analog Supply 
VssA 
Negative analog supply. VssA is typically 
- 2.6 volts with respect to pin 4. 


9 
Digital Supply 
Vdd 
Positive digital supply. Vss is typically + 2.6 volts with respect to pin 4. 


10 
Audio Output A 
Out-A 
Channel A audio output. DC voltage is OV typical with respect to pin 4. 


11 
Audio Input A 
In-A 
Channel 
B audio input. D.C. voltage must be OV with respect to pin 4. 


12 
Crystal input! 
XTAL, 
Crystal Oscillator 
input or external clock. External clock frequency 
should 
Ext Clock 
be 3.58MHz 
with an amplitude 
of 4Vp-p and OVDC. 


13 
N/C 
- 
No connection 


14 
Crystal input 
XTAL2 
Crystal Oscillator 
output. This pin is left floating when external clock is 


applied to pin 12. 


Since switched-capacitor 
filters are used on the chip, the 


input speech signal must first be filtered by an anti-aliasing 
one-pole 
low pass filter before it is applied to the Audio input 


pin. The filter 3dB break point, which is determined 
by the 


product of C1 and R1 plus the output impedance of the audio 
source, 
should 
be less than 20KHz. 
This filter is required 


only if high frequency 
noise is present at the input. To main- 
tain an output signal to noise ratio of 40dB, any unwanted 
signal higher than 3.5KHz 
contained 
in the speech 
input 


must be filtered 
to 40dB below the nominal 
speech 
input 


level, due to the fact that the on-chip modulator 
is switched 


at3.5KHz. 


The on-chip 
double 
sideband 
modulator 
can be turned 


on or off by asserting the SCRAMBLE 
input pin. The 3.5KHz 


switching frequency 
of the modulator 
is generated 
by divid- 


~';:';itching frequency 
of 3.5KHz. 
The upper 
sideband 
is 


attenuated 
by a 4th order Butterworth 
lowpass filter. 
The 


filter, consisting 
of two biquad switched 
capacitor 
filters in 


cascade, is clocked at 111.9KHz. The inverted input speech 
spectrum appears at the filter output, and is available at the 
Audio Output pin. The filter output circuit is designed to drive 
a maximum 
capacitive 
load of 5pf in parallel with a mini- 


mum resistance 
of 15K ohms. 


A parallel 
resonant 
crystal oscillator 
is employed 
in the 


device. The parallel resonant 
crystal should have a maxi- 


mum series resistance 
of 150 ohms with a shunt capaci- 


tance of 5pf. To insure reliable oscillator 
performance, 
the 


components 
shown connected 
to XTAL pins 14 and 12 in 


Figure 1 should be used. 
I 


MAXIMUM 
GUARANTEED 
RATINGS·: 


Operating 
Temperature 
Range 
-15°C 
to 
+ 55°C 
Storage Temperature 
Range 
- 55°C to + 125°C 
Lead Temperature 
(soldering, 
10 sec.) 
.........................•....................................... 
+ 325°C 
Positive Voltage on any pin with respect to Vss 
+ 6.5 V 
Negative Voltage on any pin with respect to Vss 
. . 
- 0.3 V 


·Stresses 
above those listed may cause permanent 
damage 
to the device. This is a stress rating only and functional 
operation 
of the device at these or any other condition 
above those indicated 
in the operational 
sections 
of this specifi- 
cations is not implied. 


NOTE: When powering this device from laboratory 
or system power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings not be exceeded 
or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" 
on their 
outputs when the AC power is switched 
on and off. In addition, 
voltage transients 
on the AC power line may appear on 
the DC output. If this possibility 
exists, it is suggested 
that a clamp circuit be used. 


ELECTRICAL 
CHARACTERISTICS 
(Ta = 
-10°C 
to + 50°C, Vdd = VddA = 
+ 2.6V ± 5%, Vss = VssA = - 2.6V 
±5%.) 


Parameter 
Min 
Typ 
Max 
Units 
Comments 


Supply Current 
5 
8 
ma 


Insertion 
Loss 
0 
1 
db 


Audio Voltage Swing 
0.8 
1 
Vp-p 


SIN Ratio 
40 
db 


Modulation 
Frequency 
3.5 
KHz 


Bandedge 
of Sideband 
Filter 
3.2 
KHz 


Scramble 
Input High 
Vdd-1.0 
Vdd 
V 


Scramble 
Logic Low 
Vss 
Vss+.3 
V 


Input Resistance 
5 
MOhm 


Dynamic 
Output Resistance 
900 
Ohm 


3.5KHz 
Feedthrough 
-60 
-50 
db 
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Figure 2 TYPICAL APPLICATION 


"Inverted Frequency Spectrum of the Inspect Signals 
are Transmitted on the Transmission Medium, 
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Circuit diagrams utilizing SMC products 
are included as a means of illustrating 
typical semiconductor 
applica- 


tions; 
consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 
information 
has been carefully 
checked 
and is believed to be entirely 
reliable. However, no responsibility 
is 


assumed for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the semiconductor 


devices described 
any license under the patent rights of SMC or others. 
SMC reserves the right to make changes 


at any time in order 
to improve 
design 
and supply 
the best product 
possible~ 
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STANDARD MICROSYSTEMS 
CORPORATION4iI 
COM90C56 
PRELIMINARY 


Enhanced Local Area Network Controller 
ELANC 


FEATURES 
o 5.0/2.5 M bit data rates 


0100% 
compatible 
with COM9026 
(in slow mode) 


ARCNET 
local area network controller 


o 64 K byte shared buffer memory 
o Handles variable length data packets (up to 2 K long) 
o Supports 
up to 255 nodes per network segment 


o Allows 8/16 bit word per sync to enhance 
line efficiency 


o Supports 
event scheduling 
via buffer descriptors 


o On chip network diagnostics 
o Duplicate 
10 detection/prevention 


o Supports 
group broadcast 
messages 


o Provides the hooks for broadband 
systems 
(modem) 


o Internal loop back capability 
for self test 


o On board oscillator 
o Low power CMOS technology 


048 
pin D.I.P. plastic package or PLCC 


o Single + 5v Suppiy 
o Compatible 
with HYC9058, 
HYC9068, 
HYC9078 


o RAM buffer 
test capability 


XTAl1 
XTAL2 


REO 
ACK 


NC 
RJW 
cs 


AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 


A10 
A11 
A12 
A13 
A14 
A15 
GROUND 


48 
VCC 


47 
GND 


46 
RECON 


45 
ECHO 
44 
NC 
43 
RESET 


42 
58 


41 
RELAYCON 
40 
PULSE2 
39 
PULSE1 


38 
TXC 
37 
RXC 
36 
RX 
35 
IDLD 
34 
INTR2 
33 
INTR1 
32 
D7 
31 
D6 
30 
D5 
29 
D4 
28 
D3 
27 
D2 
26 
D1 
25 
DO 


The ELANC is a general purpose communications 
adapter 


designed 
to provide 
high 
speed 
intercommunication 


between 
a number of intelligent 
electrical 
machines. 
Data 


is carried over a variable media (twisted pair, coax, or fiber 
optics) 
in variable 
size packets 
up to 2048 bytes long at 


speeds of up to 5.0 Mbps. The interconnection 
of several 


nodes through their associated ELANCs forms an enhanced 
local area network. Each node has a unique 10 number from 
1 to 255 to distinguish 
it from other 
nodes 
on the same 


network. 
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Circuit diagrams utilizing SMC products afe included as a means of illustrating typical applications; 
consequently 


complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The information 
has been carefully 


checked 
and is believed to be entirely reliable. However, no responsibility 
is assumed for inaccuracies. 
Furth~rmore, 


such information 
does not convey to the purchaser 
of the products 
described 
any license under the patent rrghts of 


SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best 


product possible. 


ARCNET® 


Local Area Network Controller/Transceiver 
LANC/LANT Combo 


FEATURES: 
o ARCNETW LAN Controller/ Transceiver 
o Combines 
SMC COM90C26/COM91C32 
o On Board Crystal Oscillator 
o On Board Reset Circuit 
o Compatible 
with HYC9058 
(HIT) 
o Compatible 
with HYC9068 
(LAND) 
o 2.5 MBit Data Rate 
o Modified Token Ring Protocol 
o Self Reconfiguration 
o Variable Data Length Packets 
016 
Bits CRC Check/Generation 
o Standard 
Microprocessor 
Interface 
o Supports 
Up to 255 Nodes 
o Generate 
Interrupts 
Signals 
o Addresses 
2k Buffer 
o Arbitrates 
Buffer Access 
o Replaces Over 100 MSI/SSI 
Parts 
o Allows Broadcast 
Messages 
o Compatible 
with Broadband/Baseband 
Systems 
o Compatible 
with various media 


(Twisted 
pair, coax ... ) 
o Compatible 
with Various Topologies 


(Star, Tree, Bus ... ) 
o Low Power CMOS 
o Single + 5v Supply 


• 


ET2 


Tf'lRTj( 
ET1 


XTAL 
1 


XTAL2 


OWR 
RJW 
T011EO 
IJI'lrn 
AS 
REO 
WAIT 
ATE 
~ [ 
OE 
WE 
1[!; 
CLK 
GND 


The COM 
90C62 
is a special 
purpose 
communications 


adapter 
for interconnecting 
processors 
and intelligent 


peripherals 
using the ARCNET 
local area network. 
The 


ARCNET local area network is a self-polling "modified token 
passing" network operating at a 2.5 bit data rate. A "modified 
token passing" 
scheme is one in which all token passes are 


acknowledged 
by the node accepting 
the token. The token 


passing 
network 
scheme 
avoids 
the fluctuating 
channel 


access times caused by data collisions 
in so-called CSMN 
CD schemes 
such as Ethernet. 


The COM 90C62 
circuit 
contains 
a microprogrammed 


sequencer 
and all the logic necessary 
to control the token 


passing mechanism 
on the network and send and receive 


data packets 
at the appropriate 
time. A maximum 
of 255 


nodes may be connected 
to the network 
with each node 


being assigned 
a unique 10. 


The COM 90C62 establishes the network configuration, and 
automatically 
re-configures 
the network as new nodes are 


'-' 
40 


39 
36 
37 
36 
35 


34 
6 
33 
~oD~~ 
11 
30 
12 
29 
13 
26 


14 
27 
15 
26 
16 
25 
17 
24 
16 
23 
19 
22' 


20 
21 


!'OR 
vcc 
RX 
J5lJ[Sn 
~ 
AS 
IDDAT 
TOl]j 
A9 
Ala 
ECHO 
INTR 
ADO 
AD1 
AD2 
AD3 
AD4 
AD5 
AD6 
AD7 


PACKAGE: 40-pin DIP 


'Available 
in PLCC 


added 
or deleted 
from 
the network. 
The COM 
90C62 


performs 
address decode, CRC checking 
and generation, 


and packet acknowledgement, 
as well as other 
network 


management 
functions. The COM 90C62 interfaces directly 


to the host 
processor 
through 
a standard 
multiplexed 


address/data 
bus. 


An external RAM buffer of up to 2K locations is used to hold 
up to four data packets with a maximum 
length of 508 bytes 


per message. 
The RAM buffer 
is accessed 
both by the 


processor 
and the COM 90C62. 
The processor 
can write 


commands 
to the COM 90C62 and also read COM 90C62 


status. The COM 90C62 will provide all signals necessary 
to allow smooth arbitration 
of all RAM buffer operations. 


In addition 
the COM 
90C62 
incorporates 
all the clock 


generation 
functions, 
line drive signals 
and receive 
data 


conversion 
circuits 
of the COM 
91 C32. This 
high scale 


integration further reduces ARCNET 
LAN node chip count, 


therefore 
reducing 
its cost. 


ARCNETl!>'is a registered trademark of the Datapolnt Corporation. 
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CA 
ClK 
DSYNC 


INHTX~PULSE1~ 


TX~PiJLSE2~ 


RXLAN~ 
__ 
RX 
~--- 


RESET 
~ 
~ 
POR-- 
~ 


iOi'iEQ 
MREQ 
AS. 


DWR 
RW 
REO 
WAIT 


~ 
10 


W 
I 
T 
C 
H 


E 
5 


DIP PIN NO. 
NAME 
SYMBOL 
FUNCTION 


31 
ADDRESS 
10, 9, 8 
Al0, 
A9, A8 
These 
three 
output 
signals 
are the three 
most significant 
bits of the 
32 
RAM buffer 
address. 
These 
signals 
are in their 
high impedance 
state 


35 
except 
during 
COM 90C62 
access 
cycles 
to the RAM 
buffer. 
Al0 
and 
A9 will take on the value 
nn as specified 
in the ENABLE 
RECEIVE 
or 
ENABLE 
TRANSMIT 
commands 
to or from 
page 
nn and should 
be 
viewed 
as page select 
bits. For packets 
less than 256 bytes, 
a 1K 
buffer 
can be used with A8 unconnected. 
For packets 
greater 
than 
256 bytes, 
a 2K buffer 
is needed 
with A8 connected. 


21-28 
ADDRESS/DATA 
7-0 
AD7-ADO 
These 
8 bidirectional 
signals 
are the lower 8 bits of the RAM buffer 


address 
and the 8 bit data path in and out of the COM 
90C62. 
ADO 
is also used for 1/0 command 
decoding 
of the processor 
control 
or 


status 
commands 
to the COM 90C62. 


8 
1/0 REQUEST 
10REQ 
This input signal 
indicates 
that the processor 
is requesting 
the use of 
the data bus to receive 
status 
information 
or to issue 
a command 
to 
the COM 
90C62. 
This signal 
is sampled 
internally 
on the falling 
edge 
of AS. 
9 
MEMORY 
REQUEST 
MREQ 
This input signal 
indicates 
that the processor 
is requesting 
the use of 
the data bus to transfer 
data to or from the RAM 
buffer. This signal 
is 


sampled 
internally 
on the falling 
edge of AS. 


7 
READIWRITE 
RIW 
A high level on this input signal 
indicates 
that the processor's 
access 


cycle to the COM 
90C62 
or the RAM buffer 
will be a read cycle. 
A 


low level indicates 
that a write 
cycle will be performed 
to either 
the 


RAM buffer 
or the COM 
90C62. 
The write 
cycle will not be com- 
pleted, 
however, 
until the DWR input is asserted. 
This signal 
is an 


internal 
transparent 
latch gated 
with AS. 


10 
ADDRESS 
STROBE 
AS 
This input signal 
is used by the COM 90C62 
to sample 
the state 
of 
the 10REQ, 
MREQ 
and RIW inputs. 
The COM 
90C62 
bus arbitration 
is initiated 
on the falling 
edge of this signal. 


11 
REQUEST 
REQ 
This output 
signal 
acknowledges 
the fact that the processor's 
1/0 or 
memory 
cycle 
has been sampled. 
The signal 
is equal 
to MREQ 
or 
10REQ 
passed 
through 
an internal 
transparent 
latch gated 
with AS. 


12 
WAIT 
WAIT 
This output 
signal 
is asserted 
by the COM 
90C62 
at the start of a 


processor 
access 
cycle to indicate 
that it is not ready to transfer 
data. WAIT 
returns 
to its inactive 
state when 
the COM 
90C62 
is 
readv for the processor 
to complete 
this cycle. 


6 
DELAYED 
DWR 
This input signal 
informs 
the COM 90C62 
that valid data is present 


WRITE 
on the processor's 
data bus for write 
cycles. 
The COM 
90C62 
will 


remain 
in the WAIT state until this signal 
is asserted. 
DWR 
has no 


effect 
on read cycles. 
If the processor 
is able to satisfy 
the write 
data 


setup time, 
it is recommended 
that this signal 
be grounded. 


29 
INTERRUPT 
INTR 
This output 
signal 
is asserted 
when 
an enabled 
interrupt 
condition 


REQUEST 
has occured. 
INTR returns 
to its inactive 
state 
by resetting 
the 
interruptinq 
status 
condition 
or the correspondinq 
interrupt 
mask 
bit. 


18 
INTERFACE 
LATCH 
ILE 
This output 
signal, 
in conjunction 
with ADIE, 
gates 
the processor's 


ENABLE 
address/data 
bus (PAD7-PADO) 
onto the interface 
address 
data 
bus 


(IAD7-IADO) 
during 
the data valid portion 
of a Processor 
Write 
RAM 
or Processor 
Write COM 90C62 
operation. 
14 
ADDRESS 
DATA 
ADIE 
This output 
signal 
enables 
the processor's 
address 
data 
bus (PAD7- 


INPUT 
ENABLE 
PADO) captured 
by AS or ILE onto the interface 
address 
data bus 


(IAD7-IADO). 


13 
ADDRESS 
INPUT 
AlE 
This output 
signal 
enables 
the processor's 
upper 
3 address 
bits 


ENABLE 
(PA1O-PA8) 
onto the interface 
address 
bus (IA10-IA8). 


15 
LATCH 
L 
This output 
signal 
latches 
the interface 
address 
data 
bus (IAD7- 


IADO) into a latch which 
feeds 
the lower 8 address 
bits of the RAM 


buffer 
durinq 
address 
valid time of all RAM 
buffer 
access 
cvcles. 


17 
WRITE 
ENABLE 
WE 
This output 
signal 
is used as a write 
pulse to the external 
RAM 
buffer. 
Data is referenced 
to the trailinq 
edqe of WE. 


16 
OUTPUT 
OE 
This output 
signal 
enables 
the RAM buffer 
output 
data onto the inter- 


ENABLE 
face address 
data bus (IAD7-IADO) 
during 
the data valid portion 
of 


all RAM buffer 
read operations. 


33 
ID LOAD 
IDLD 
This output 
signal 
synchronously 
loads the value 
selected 
by the ID 
switches 
into an external 
shift register 
in preparation 
for shifting 
the 


ID into the COM 
90C62. 
The shift 
register 
is clocked 
with the same 


signal 
that feeds the COM 
90C62 
on pin 19 (CLK). 
The timing 
asso- 
ciated 
with this signal 
and IDDAT (pin 34) is illustrated 
in figure 
2. 


34 
ID DATA IN 
IDDAT 
This input signal 
is the serialized 
output 
from the external 
ID shift 


register. 
The ID is shifted 
in most significant 
bit first. A high level is 


defined 
as a logic "1 ". 
1,3 
EXTENDED 
ET2, ETl 
The levels on these 
two input pins specify 
the timeout 
durations 
used 


TIMEOUT 
FUNCTION 
by the COM 90C62 
in its network 
protocol. 
Refer to the section 
enti- 


2, 
tied "Extended 
Timeout 
Function" 
for details. 


I 


- 
- . - 
. _.._. ----_ ...... 


37 
PULSE 1 
PULSE1 
PULS1 and PULS2 carry the transmit data information encoded in 
36 
PULSE 2 
PULSE2 
Dulse format. 


38 
RECEIVE IN 
RXIN 
This input carries the receive data information from the cable 
interface circuitry. 


30 
ECHO DIAGNOSTIC 
ECHO 
When this input signal is low, the COM 90C62 will re-transmit all 


ENABLE 
messages of length less than 254 bytes. This input should be tied 
high for normal clip operation and is only utilized when performing 
chip level testing. 
19 
CLOCK 
CLK 
A continuous 5 MHz clock input used for timing of the COM 90C62 
bus cycles, bus arbitration, serial ID input, and the internal timers. 


4,5 
CRYSTAL 
XTAL1 
An external 20 MHz crystal is connected to these pins. If an external 


XTAL2 
20 MHz TTL clock is used, it should be connected to XTAL1 with a 
390 ohm pUIiUDresistor. 
< 
40 
POWER ON 
POR 
This input signals clears the COM 90C62 microcoded sequencer 


RESET 
program counter to zero and initializes various internal control flags 
and status bits. The POR status bit is also set which causes the 
INTR output to be asserted. Repeated assertion of this signal will 
degrade the performance of the network. 
39 
+5 VOLT SUPPLY 
Vcc 
Power Supply 


20 
GROUND 
GND 
Ground 


R.3101 - 
OTPO 


OR 
HYC 9058- 


(HIT) 


OR 
HYC 9068- 
(LAND) 


TWISTED 


PAIR 
or 


COAX 


or 
FIBER 
OPTICS 


o 
I 
I 


·HYC 9058-Hi9h 
Impedance 


Transceiver (Hln 
See page 257 of 
Data Catalog. 


HYC 9068-Local 
Area Network 


Driver (LAND) 
See page 263 of 
Data Catalog. 


R.3101 
-Pin compatible fiber 
optic driver from 
Raycom Systems 
6395 Gunpark Drive 
Boulder, Colorado 80301 


NOTE: 
For an updated 
data sheet 
please 
fill out the reply card in 


the back of this catalog 
or call SMC at (516) 273-3100.' 


STAN~D 
MICROSYSTEMS 


CORPORATlON," __ 
ii 


J5"'aa9'oll 
~/lI'l'7N 
I (51612131100 
T'WX510111ll8911 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applications: 
conse- 


~h:~~~ 
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information does not convey to the purchaser of the semiconductor 
devices described any licdnse under the patent rights of 


SMC or others. SMC reserves the right to make changes at any time in order to improve design and supply the best product 
possible. 
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IBM®3274/3276 


Compatible 
COAX Receiver/Transmitter I 


FEATURES 
o Conforms 
to the IBM<8>3270 Interface 
Display 


System Standard 


o Transmits 
and Receives Manchester 
II Code 


o Detects and Generates 
Line Quiesce, 
Code 


Violation, 
Sync, Parity, and Ending Sequence 


(Mini Code Violation) 


o Multi Byte or Single Byte Transfers 
o Double Buffer Receiver and Transmitter 
o Separate 
Data and Status Select 


o Operates 
at 2.3587 MHz 


o TTL Compatible 
Inputs and Outputs 


o COPLAMOS<8>n-Channel 
Silicon Gate 


Technology 


o Single + 5 Volt power supply 


~ 


1 
40 
2 
39 
3 
38 
4 
37 
5 
38 


8 
35 


7 
34 
8 
33 
~oD~~ 
l' 
30 
12 
29 


13 
28 


14 
27 


IS 
28 


16 
25 


17 
24 


18 
23 


19 
22 


20 
21 


GND 
Tl0 


T9 


TBMT 


TDS 


N/C· 
i5ill5P 
TO 
fG 
TC 


AD 
ALOOP 


ASSE 


BCLK 


ADA 


CVD 


RTA 


DA 


N/C 
MA 


3938373635343332 
31 3029 


40 
28 


41 
27 
42 
26 
43 
25 


44 
24 


1 
23 
2 
~ 


3 
21 


20 
5 
19 
6 
18 
7891011121314151617 


TOS 


NIC 


NIC 


TBMT 
T9 
no 


GND 
VCC 


GND 
lP 
195 


CVD 
RlA 
DA 


NIC 


NIC 
MR 


GND 


5CLK 
RP 
SWE 


NIC 


PACKAGE: 
40-pin 
D.LP. 


"Internally connected. Not for external use. 


The COM 9064 is an MOS/LSI 
circuit which may be used 


to facilitate 
high speed data transmission. 
The COM 9064 


is fabricated 
using SMC's patented COPLAMOSilIl technol- 


ogy and may be used to implement 
an interface 
between 


IBM<8>3274/3276 
compatible 
control units and 3278/3287/ 


3289 compatible 
terminal units. The receiver and transmit- 


ter sections of the COM 9064 are separate and may be used 
independently 
of each other. 


The COM 9064 generates 
and detects 
the line quiesce, 


code violation, 
parity, and mini code violation 
bit patterns. 


The on-chip 
parity 
logic 
is capable 
of generating 
and 


checking 
either .even or odd parity for the entire 10 bit data 


word. In addition, parity may be generated 
for the least sig- 


nificant 8 bits of the data word (this parity bit would replace 
the ninth data bit). 


i5LOOP 
"ilOOP 


ROA 


RO 
RP 


RSSE 


The COM 9064 is organized 
into 9 major sections. 
Com- 


munication 
between 
each section 
is achieved 
via internal 


data and control busses. 
Transmitter Holding Register 
The transmit 
holding register is a 12 bit latch. This latch is 


loaded with the transmit 
data and parity generation 
infor- 


mation from the system bus. 
Tri-State Buffers 
These buffers allow gating of the COM 9064's status word 
onto the system data bus. 
Bus Transceiver 
The bus transceiver 
allows 
bi-directional 
data transfer 


between the system data bus and the transmit and receive 
holding registers. 
Parity Generator 
This logic determines 
and generates 
the correct parity for 


the data in the transmitter 
holding register. 


Transmitter Control 
This logic generates 
signals 
required 
to enable 
external 


transmit circuitry. It also generates 
the Line Quiesce, Code 


Violation, 
sync bits and Mini Code Violation 
patterns. 


Transmitter Shift Register 
The transmitter 
shift register 
is an 11 bit parallel to serial 
shift register. 
It accepts 
data from the transmitter 
holding 


register and the parity generation 
logic and converts 
it into 


serial form for transmission. 


Receive Control/Parity 
Check 
This logic checks the received 
character 
for the specified 


parity 
and ensures 
that 
no Transmit 
Check 
conditions 


occurred. 
It also handles the self test mode and generates 
a strobe when the complete 
data word is received. 


Receiver Shift Register 
This logic is a serial to parallel shift register that converts 
the received 
information 
into a 10 bit data word and RTA 


status bit. 


Receiver Holding Register 
This register holds the assembled 
data word until it is read 


by the processor. 


DESCRIPTION 
OF PIN FUNCTIONS 
Processor Related Signals 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


6-13 
Transmit! 
DO-D7 
Bidirectional: 8 bit, three state data port used to transfer data between the COM 


Receive Data 
9064 and the processor. 
Bits 
DOis the first bit transmitted. 
4 
Transmit Bit 9 
T9S 
Input: A low level on this pin enables T9 to be transmitted as bit 9. A high level on 


Select 
this pin causes T9 to determine the type of parity bit generated for b;ts DO-D7. 
38 
Transmit Bit 9 
T9 
Input: If T9S is low,this supplies transmit bit 9. If T9S is high, then T9 low forces 
odd parity and T9 high forces even parity to be generated for DO-D7.In this case 
the parity bit generated is transmit bit 9. 
39 
Transmit Bit 10 
Tl0 
Input: This pin supplies transmit bit 10. 
3 
Transmit Parity 
TP' 
Input: This input controls the parity bit for transmit bits 1-10. A low level on this pin 
causes odd parity and a high level on this pin causes even parity to be generated 
for bits 1-10.The parity bit generated is transmit bit 11. 
18 
System Clock 
SCLK 
Input: This signal is used to synchronize the COM 9064. The transmitter is 
loaded and started on the low to high transition of SCLK if TDS is low. DA is reset 
on the low to high transition of SCLK if RDA is low. 
36 
Transmitter 
TDS 
Input: This input and SCLK are used to load the transmitter holding register and 


Data Strobe 
start the transmit sequence. Code Violation Detect (CVD) is reset at this time. 


26 
Reset Data 
RDA 
Input: This input and SCLK are used to reset DA. 


Available 


16 
Status Word 
SWE 
Input: A low level at this pin enables the status word buffer outputs (DA, CVD, 


Enable 
TBMT, R9, Rl0, and RTA).A high level on SWE places the status word buffer 
outputs in a high impedance state. 


23 
Receive Data 
DA 
This three-state output signal is at a high level when an entire word has been 


Available 
received and transferred into the receiver buffer register. It is only set if a Transmit 
Check Condition did not occur. 
25 
Code Violation 
CVD 
This three-state output signal is at a high level if a valid Code Violation was 


Detected 
detected at the receiver since the last time the transmitter was loaded. It is reset 
when the transmitter is loaded. 
37 
Transmit 
TBMT 
This three-state output signal is at a high level when the transmit holding register 


Buffer Empty 
may be loaded with new data. 
14 
Receive Bit 9 
R9 
This three-state output signal is receiver data bit 9. 
15 
Receive Bit 10 
Rl0 
This three-state output signal is receiver data bit 10. 
24 
Recever Turn- 
RTA 
This three-state output signal is set to a high level when a valid Mini Code 
around 
Violation is detected. It is only set if a Transmit Check did not occur. It is reset 
wnen the transmitter is loaded. 


5 
Receive Data 
RDE 
Input: A low level enables the outputs of the receive data register DO-07. 


Enable 


17 
Receiver 
RP' 
Input: This input determines whether the entire received word will be checked for 


Parity 
even or odd parity. A low at this pin will cause a check for odd parity and a high at 
this pin will cause a check for even parity. This input has an internal pull-Up 
resistor. 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 
29 
Analog 
AlOOP 
Input: A low level on this pin disables the receiver except when the transmitter 


loopback 
is active. A high level on this pin and DlOOP will cause the receiver to be 
disabled while the transmitter is active. 
AlOOP is used to allow loop-back through the line drivers and receivers. This 
input has an internal pull-up resistor. 


34 
Digital 
DLOOP 
Input: A low level on this pin disables the receiver except when the transmitter 


loopback 
is active. TG is forced to a high level to disable the external coax driver. Data 
input to the receiver is internally wrapped from the transmitter data output. 
This input has an internal pull-up resistor. 


21 
Master Reset 
MR 
Input: This input should be pulsed low after power-on. This signal resets DA to 
a low level and sets TG and TBMT to a high level. This input has an internal 
pUll-up. 
1 
Supply Voltage 
V~ 
+ 5 volt supply 


19,22,35 
N/C 
No Connection 


2, 20, 40 
Ground 
GND 
GROUND 
• 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


27 
Baud Rate 
BClK 
This input is a clock whose frequency is 8 times the desired transmitter and 


Clock 
receiver baud rate (typically 18.8696 MHz for 3274/3276 operation). This input 
is not TTl compatible. 


33 
Transmit Data 
TO 
Output: Serial data from the transmitter. This signal is a biphase Manchester II 
encoded bit stream. This output is low when no data is being transmilted. 
31 
Transmit Clock 
TC 
The Transmit Clock output is '12 the frequency of BClK. It is synchronized with 
TD and used to provide external pre-distortion timing. 
30 
Receive Data 
RD 
Input: Accepts the serial biphase Manchester II encoded bit stream. 
32 
Transmit Gate 
TG 
Output: This signal is low during the time that the transmit data is valid. TG is 
used to turn on the external transmit circuitry. 


28 
Receive 
RSSE 
Input: A high level on this pin enables an internal digital single shot on RD. This 


Single Shot 
limits a high level on RD to 3 clock times. Also when high it will cause the 


Enable 
receiver not to detect a valid Code Violation. A low level disables the singie shot 
causing no reshaping of the RD input signal. 


The COM 9064 consists of a receiver section that converts 
Manchester 
II phase encoded 
serial data to parallel 
data 


and a transmitter 
section 
that converts 
parallel 
data to 


Manchester 
II phase encoded 
serial data. 
Receiver 


Message transfers 
must conform to the IBM 3270 protocol 


in order for the COM 9064 to acknowledge 
them. 


The received 
message 
is checked 
for the Code Violation 


sequence 
(start sequence) 
bit pattern, 
preceding 
the first 


data 
word, 
and 
Mini 
Code 
Violation 
(end 
sequence) 


following 
the last data word. 


The data word consists of 10 data bits, a sync bit and a parity 
bit. Receiving data in multiple by1e format is functional 
only 


when even parity is selected. 


The data word along with the first bit of the next word or 
ending zero (bit 13) is shifted into a shift register. Once it is 
assembled 
it is transferred 
and held in the holding register 


until another data word is assembled. The 13th bit is inverted 
and presented 
to the bus or RTA (receiver 
turn-around). 


Therefore 
RTA is set high on the last word of a message 


and 
is reset 
when 
the transmitter 
is loaded 
with 
the 


response. 


Once the data word is in the holding 
register and parity is 


correct the data available 
(DA) status signal is set high. 


The Code Violation 
Detect signal (CVD) goes active high 


after a line Quiesce, Code Violation and sync bit have been 
detected 
by the receiver. It is reset when the transmitter 
of 


the COM 9064 is asserted. 
By examining 
this signal, the 


processor 
can determine 
whether 
a timeout 
or Transmit 


Check condition 
caused a receiver error. 


The receive input is sampled 
at 8 times the data rate. The 


receiver logic is brought into bit synchronization 
during the 


Line Quiesce pattern. Once the Code Violation following the 
Line Quiesce is detected, the receiver is brought into bit and 
word synchronization. 
The internal receiver clock is adjusted 


after each transition 
to compensate 
for jitter and distortion 


in the received data signal. 
Transmitter 
The transmitter section basically consists of a 12-bit holding 
register, parallel to serial shift register and a parity generator. 
The firmware initiates a transmit sequence 
by strobing TDS 


low. The data is loaded into the holding register on the rising 
edge of SCLK while TDS is low. Nine bits of data (DO-D7 
and T10) are transferred without change to the transmit shift 
register. The logic level of T9S determines whether T9 will be 
transmitted as parity on the preceding eight bits, or as data. 


After the processor 
loads the transmit holding register with 


data, status signal TBMT is driven inactive low until the COM 
9064 transfers 
the data from the transmit 
holding register 
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Quiesce 
pattern 
and a Code Violation. 
'The data is then 


shifted out of the shift register with a sync bit (1) inserted 
before the data word, and a parity bit appended 
after the 


data word. 


If a new word is loaded into the COM 9064 before the parity 
bit of the previous word has been transmitted, 
a sync bit (1) 


followed by the new data bits is transmitted. 
If not, after the 


COM 9064 transmits 
the last data word (no more transmit 


sequences 
are started), 
a sync bit (0) and a Mini Code 


Violation 
is appended 
to the end of the message. 


Output TG goes active low one-half 
bit cell time before the 


first Line Quiesce 
character 
is output. 
It is made inactive 


(high) during the transmission 
of the Mini Code Violation. 


VVIVI 
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while the transmitter 
is active. 


ANALOG 
LOOPBACK 
(ALOOP 
LOW 
AND 
DLOOP 


HIGH) 
The internal read data signal follows the RD input as long 
as the COM 9064's transmitter 
is active. 


DIGITAL LOOPBACK 
ALOOP HIGH AND DLOOP LOW) 


The internal read data signal follows an internally generated 
and latched valid transmit signal (only when the transmitter 
is active.) 
The output 
TG is disabled 
in digital 
loopback 


mode. 


DISABLE 
RECEIVER 
(ALOOP 
AND DLOOP LOW) 


The internal 
read data signal 
is held low and output TG 


is disabled. 


CODE 
VIOLATION 


CODE 
VIOLATION 


SYNC 
BIT 
DATAN 
(10 BITS) 
PARITY 
BIT 


Bits on the coax 
appear 
as positive 
and negative 
going 


pulses. 
A positive 
pulse to negative 
pulse transition 
in the 


middle ofthe bit cell is interpreted 
as a logical '0'. A negative 


pulse to positive 
pulse transition 
in the middle of a bit cell is 


DATA 


(10 BITS) 


ENDING 


SEQUENCE 


interpreted as a logical '1'. A predistortion 
pulse is generated 


for every pulse transition from an up to down level or a down 
to up level. 


I 
I 
1 
I 
1 
I 
__ 
I 
__ 
I 


1 
1 
1 
1 
1 
I 
I 
I 
I 
I 
I 
1 
1 
1 __ 
1 
, __ 


I 
I 
1 
I 


I 
I 
--I 
IIII 
I 


PARITY 
BIT 
SYNC 
BIT 


I 
1 
I 
__ 
I 


I 
1 
I 
I 
I 


I 
I 
I 
1 
1 __ 
1 
1__ 
1 
I 
I 
lone 
bit 
I 
time 


The Line Quiesce pattern consists of five contiguous logical 
ones. 
It establishes 
an equilibrium 
condition 
on the coax 
following 
line turnaround. 


ENDING 
SEQUENCE 


I 
1 
I 
__ 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
' 
I 
I 
I 
,-- 
I 


last "1" 
I 
code 
violation 
of line- 
quiesce 


I 
I 
__ 
I 
I 
I 
I 
I 
I 
, 
I 
'__ 
I 
I 


f 
I 
I 
sync bit 
I • 


The Code Violation pattern is a bit sequence containing 
no mid-bit 
time level transition 
in two of its three bit 


cells. It is a unique pattern that violates the encoding 
rules and indicates 
the start of valid data. 


"1" 


or 


"0" 


I 
I 
1 
- 
I 
I 
I 
I 
I 
I 
Ending Sequence 
last data 
byte 


The 
Mini 
Code 
Violation 
(MCV) 
pattern 
is a bit 


sequence 
containing 
no mid-bit time level transition 


in either of its bit cells. It is a unique code that violates 
the encoding 
rules 
and indicates 
the end of valid 


transmit data. 


Transmit Check 


A Transmit 
Check is defined 
as follows: 


1) A logical zero sync bit in the ending sequence 
not 


followed 
by a Mini Code Violation. 
2) Loss of a level transition 
at the mid-bit time during 


other than a normal ending sequence. 
3) A transmission 
parity error. 


MAXIMUM 
GUARANTEED 
RATINGS' 


Operating 
Temperature 
Range 
...................................•.....•..•...........•......................... 
O°C to + 70°C 
Storage 
Temperature 
Range 
. .............•..•..•..•........•................... 
- 55° to + 150°C 
Lead Temperature 
(soldering, 
10 sec.) 
. 
.,.....................................•............. 
+ 300°C 
Positive 
Voltage 
on any I/O Pin, with respect 
to ground 
.....................................................•............ 
+ 8.0V 
Negative 
Voltage 
on any I/O Pin, with respect 
to ground 
- 0.3V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
be exceeded 
or device 
failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 


is switched 
on and off. In addition, 
voltage 
transients 
on the AC power 
line may appear 
on the DC output. 
For example, 
the bench 
power supply 
programmed 
to deliver 
+ 5 volts may have large voltage 
transients 
when 
the AC power 
is switched 
on and off. If this 
possibility 
exists it is suggested 
that a clamp 
circuit be used. 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


DC CHARACTERISTICS 
INPUT 
VOLTAGE 


VILLow 
-0.3 
.8 
V 


V,HHigh 
2.0 
Vee 
V 
(Except 
BCLK 
and MR) 
V,HHigh 
Vee-0.7 
Vee+·3 
V 
(BCLKonly) 


V,HHigh 
3.5 
Vee+·3 
V 
(MRonly) 


OUTPUT 
VOLTAGE 


VOLLow. 
.4 
10L= 2.0 mA 


VOHHigh 
2.4 
10H= -.25 
mA 


POWER 
SUPPLY 
CURRENT 


Ice 
125 
mA 
All outputs 
= VOH 


INPUT 
LEAKAGE 
CURRENT 


All input pins 
.01 
mA 
V,N = Oto Vee 


CAPACITANCE 


C'N 
10 
pf 
(Except 
BCLK) 


C'N 
35 
pf 
(BCLKonly) 
- 


. PARAMETER 
MIN 
TYP 
MAX 
UNIT 
CONDITIONS 


Clock 
Frequency 
BCLK 
7 
18.8696 
18.9 
MHz 


SCLK 
DC 
4.7474 
5 
MHz 


Clock Width 
tSKH 
SCLK 
High 
80 
ns 
tSKL 
SCLK 
Low 
80 
ns 


tBKH 
BCLK 
High 
20 
ns 
tBKl 
BCLK 
Low 
20 
ns 
t, 
BCLK 
rise time 
6 
ns 
tF 
BCLK fall time 
6 
ns 


tROD 
ROE to Data Valid Delay 
50 
ns 
tSDD 
SWE to Data Valid Delay 
50 
ns 


toF 
Data Read to Bus Float 
50 
ns 


tos 
Data Setup Time 
100 
ns 


toH 
Data Hold Time 
10 
ns 


tOA\' 
DA to receive 
data 
-100 
100 
ns 


valid delay 


tTe 
TC clock period 
106 
ns 
tmLo TC to TG low delay 
-53 
30 
ns 


tmHo TC to TG high del~ 
30 
ns 


tTDS Transmit 
data to T 
10 
ns 


setup time 
tTDH 
Transmit 
data to TC 
20 
ns 


hold time 
to 
TBMT 
active to de-active 
200 
ns 


tTDoeTBMT 
cycle 
3.2 
f.lS 


too 
TBMT 
de-activated 
1 
2 
f.lS 


toss 
TDS set up 
100 
200 
ns 


tOSH 
TDS hOld 
20 
100 
ns 


4.A 
MR pulse width 
300 
ns 


I--tDS 


VALID DATA 


T_BM_T_/ 


DA 
A 
I 


tOAV*:t:? VALID 
DATA 


TRANSMITTER 
TIMING 
ROE 


TC 


TG 
SWE 


TO 
VAlIOQATA 
DATA, 
tSDD 


I- 


1 BIT CELL 
-I 
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>- 
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STANDARD 
MICROSYSTEMS 
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Circuit 
diagrams 
utilizing 
SMC products 
are included 
as a means 
of illustrating 
typical 
semiconductor 
applications: 


consequently complete information sufficient for construction purposes is not necessarily given. The information 
has been carefUlly 
checked 
and is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is assumed 
for inac- 


curacies. Furthermore, such i~formation does not convey to the purchaser of the semiconductor devices described 
any license 
under the patent 
rights of SMC or others. 
SMC reserves 
the right to make changes 
at any time in order 


to improve 
design 
and supply 
the best product 
possible. 


COM91C32 
Local Area Network Transceiver 
LANT 


FEATURES 
o Compatible with the COM9026 and COM90C26 
LANCs 


o Compatible with the HYC9058 HIT 
o Compatible with the HYC9068 LAND 
o Functionally compatible with the COM90C32 
o Reduces node chip count 
o Built-in 20M Hz crystal oscillator 
o Internal Power On Reset for COM9026/COM90C26 
o Provides all clocks for COM9026/COM90C26 
o Low power CMOS technology 
o TTL compatible 
o 5V only power supply 


PULS2 
1 '-.../16 
Vec 


PULS1 
2 
15 
INHTX 


RESET OUT 
3 
14 
TX 


PORIN 
4 
13 
CA 


RESET IN 
5 
12 
DSYNC 


XTAL, 
6 
11 
RXOUT 


XTAL,IlTLCLK 
7 
10 
RXIN 


GND 
8 
9 
LANCLK 


·Check with factory for SMT package. availability 


The COM91 C32 local area network transceiver 
(LANT) is 


an improved 
version 
of the COM90C32. 
It reduces 
both 


node 
cost 
and 
board 
real estate. The COM91 C32 
is a 


companion 
chip to either the COM9026 or COM90C26 
local 


area network 
controller 
(LANG), the HYC9068 
local area 


network driver (LAND), and the HYC9058 
high impedance 


transceiver 
(HIT). 


The COM91 C32 contains two circuits not available 
on the 


COM90C32. 
A 20MHz crystal oscillator 
has been built in to 


eliminate the need for an external oscillator. 
In addition, the 


external power on reset circuit required by the COM9026/ 
COM90C26 
has been integrated inside the COM91 C32 to 


reduce the number of components, 
their related costs, and 


board real estate. 


The COM91 C32 performs the functions necessary to allow 
simple 
interface 
to the transmission 
media for ARCNET® 


local area networks. The COM91 C32 produces two 5MHz 
clocks 
for 
the 
COM9026/COM90C26. 
The 
first 
one 


(LANCLK) is free running and feeds the clock input (pin 19) 
of the COM9026/COM90C26. 
The second 
one (CA) has 


start/stop 
capability 
controlled 
by the 1JS'Y'1\TC 
output of the 


COM9026/COM90C26 
as well as the data received 
from 


the network. 


During data reception, the COM91 C32 will convert incoming 
serial receive data from the HIT or LAND circuit to NRZ form 
which 
will directly 
feed the 
RX input of the COM9026/ 


COM90C26 
(pin 38). During transmission, 
the COM91 C32 


converts the transmit data from the COM9026/COM90C26 
TX, (pin 37) into the Waveforms 
necessary 
to drive 
the 


HYC9058 or HYC9068 
as shown in figure 2. 


I 


Figure 1: COM91 C32 INTERNAL BLOCK DIAGRAM 


DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 


COM 9026 Interface 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


2 
PULSE 
1 
PULS 
1 
PULS1 
AND PULS2 
carry the transmit 
data information 
encoded 


PULS 2 
in pulse format. 


1 
PULSE 
2 


3 
RESET OUT 
RESET OUT 
This output signal 
provides 
a reset signal capable 
of ensuring 


proper 
reset of the COM9026/COM90C26. 
It is TIL 
compatible. 


The RESETOUT 
pulse width equals 102.4l'sec 
+ (RESETIN 
or 


PORIN 
pulse width). 


10 
RECEIVE 
RXIN 
This input carries 
the receive 
data information 
from the cable 


IN 
interface 
circuitry. 


11 
RECEIVE 
RXOUT 
This output provides 
the NRZ encoded 
receive 
data to the 


OUT 
COM9026/COM90C26. 


12 
DELAYED 
DSYNC 
This active low input is asserted 
by the COM9026 
and is used to 


SYNC 
synchronize 
the CA clock. 


13 
CA 
CA 
This output is a 5 MHz start/stop 
clock that halts when 
DSYNC 


goes active. It is used to synchronize 
the CA clock 
output to the 


RX OUT received 
data. 


14 
TRANSMIT 
TX 
This input represents 
the serial data transmitted 
by the 


DATA 
COM9026/COM90C26. 


15 
TRANSMIT 
INHTX 
This active 
low input inhibits the COM91 C32 from transmitting 


INHIBIT 
by forcing 
PULS1 
and PULS2 
high. 


System Clock Interface 


4 
POWER 
ON 
PORIN 
This input signal, which 
is controlled 
by C, (fig. 2) on Power 
up, 


RESET 
IN 
disables 
the transmitter 
portion of the COM91 C32 and generates 


the RESET OUT signal. This pin has a schmitt 
trigger 
input. 


5 
RESET 
IN 
RESET 
IN 
This input signal disables 
the transmitter 
portion 
of the 


COM91 C32 and generates 
the RESET OUT signal. This pin has 


a TIL 
compatible 
input. 


7 
XTAL1 
An external 
20 MHz crystal 
is connected 
to these pins. If an 


6 
CRYSTAL 
XTAL2 
external 
20 MHz TTL clock 
is used, it should 
be connected 
to 
XTAL 1 (pin 7) with a 390 ohm pullup 
resistor; 
XTAL2 
must be left 


floating. 


LAN 
This output supplies 
a 5 MHz free running 
clock for the 
9 
CLOCK 
LANCLK 
COM9026/COM90C26. 
8 
GROUND 
GND 
Ground 


16 
+5V 
VCC 
+5 Volt Power 
Supply 


SUPPLY 


FUNCTIONAL DESCRIPTION 


The COM9026/COM90C26, 
when transmitting 
data on TX, 


will 
produce 
a negative 
pulse 
of 200 
nanoseconds 
to 


indicate 
a logic "1" and no pulse to indicate 
a 10gi~0." 


Referring 
to figure 
4, a 200 nanosecond 
pulse on TX is 


converted 
~ 
00 nanosecond 
nonoverlap.2!!!fL.Q.ulses 


shown 
as PULS1 
and PULS2. 
The signals 
PULS1 
and 
PULS2 drive the HYC9058 
or the HYC9068 
which in turn 


creates 
a 200 nanosecond 
dipulse signal on the cable as 


shown in figure 2. 


At the receiving nodes, each dipulse appearing on the cable 
is coupled 
through the RF transformer 
of the HYC9058 
or 
HYC9068 
to produce 
a positive 
pulse. These 
pulses 
are 


captured by the COM91 C32 and are converted to NRZ data. 
As each byte is received 
by the COM91 C32, the CA clock 


is stopped 
by the 
COM9026/COM90C26 
(via DSYNC) 


until 
the 
zero 
bit 
of 
the 
next 
byte 
is 
received. 


This 
will 
automatically 
restart 
the 
CA 
clock. 
The 


COM9026/COM90C26 
uses the CA clock to sample 
the 


NRZ data and these samples 
points are shown in figure 5. 


Typically, 
RXIN 
pulses 
occur 
at 
multiples 
of 
400 


nanoseconds. 
The COM91 C32 can tolerate 
distortion 
of 


plus or minus 100 nanoseconds 
and still correctly 
capture 


and convert the RXIN pulses·to NRZ format. 


RESETTING THE COM91 C32 
The PORIN active low input signal is generated 
by turning 


the power 
on to generate 
the RESET OUT signal to the 


COM9026/COM90C26. 
The recommended 
capacitor 


value 
(C1 in figure 
2) required 
to properly 
reset 
the 


COM9026/COM90C26 
on power up is 0.1 f.lF. 


The 
RESET 
IN active 
low 
input 
signal 
is provided 
to 


generate 
the 
RESET 
OUT 
signal 
used 
to reset 
the 


COM9026/COM90C26. 
The pulse width ofthe RESET OUT 


signal 
is 102.4 microseconds, 
which 
is wide enough 
to 


properly 
reset 
the 
COM9026/COM90C26 
local 
area 


network controller 
device. 


RESET OUT = RESET IN (pulse width) + 102.4 
microseconds 


RESET OUT = PORIN (pulse width) + 102.4 
microseconds 


COM90261 
COM90C26 


COM 
9 
CLOCK 
o 
C 
3 
2 


C 
R 


FIGURE 2: COM90C32 
AND 91C32 IMPLEMENTATION 
DIFFERENCES 


In addition to initializing the COM91 C32 to an idle state, the 
RESET 
IN signal 
disables 
the transmitter 
portion 
of the 


COM91 C32 during reset. 


During reset, the COM91 C32 output pins are as follows: 


PULS1 - is inactive (high) 
PULS2 - is inactive (high) 
LANCLK 
- is free running during and after reset 
CA - is free running during and after reset 


The minimum 
RESET IN pulse width is 120 nanoseconds 
(or 2T + 20 nanoseconds 
for input clocks different than 20 
MHz). For the 20 MHz clocks, T equals 50 nanoseconds. I 


RESET IN/OUT TIMING 
The 
COM91 C32 
incoq:>orates 
a digital 
filter 
that 
will 
suppress 
glitches on the RESET IN and POR IN pins. The 


digital filter will filter all RESET IN and PORIN glitches that 
are narrower 
than 40ns (1T -1 Ons). It will allow RESET IN 
and PORTN pulses that are wider than 120 ns (2T+20ns). 
The RESET OUT pulse width is equal to the RESET IN pulse 
width plus 102.4 microseconds. 


THE INTERNAL OSCILLATOR 
The COM91 C32 incorporates 
on -board 
circuitry 
which, in 
conjunction 
with an external parallel resonant crystal, forms 


an oscillator. The oscillator frequency 
may vary between 8 
MHz and 20 MHz to allow for a variable data rate from 1.0 
Mbps to 2.5 Mbps. 


The oscillator input is divided by 4 to produce the CA and the 
LANCLK output clocks to the COM9026/COM90C26. 


The COM91 C32 XTAL oscillator has been designed to work 
with a parallel 
resonant 
crystal 
and does not require 
an 
external resistor. Only two capacitors 
are needed (one from 


each 
leg 
of the 
XTAL 
to 
ground.) 
The 
values 
of the 


capacitors 
are two times the load capacitance 
of the crystal. 


Typical capacitor 
values are 22 pF. 


The external crystal must have an accuracy 
of 0.020% or 
better. 
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FIBER 
OPTICS 


RX 
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(HITI) 
OR 
HYC9068' 
(LAND) 
OR 
R-3101' 
(OPTO) 


NODE 10 SWITCH 


RESET IN 


PORIN 
I 
CAPACITOR 
= (C1:0.1 J.lF) 


·HYC9058 
- 
High Impedance 
Transceiver 
(HITI) 
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- 
local 
Area Network 


Driver (lAND) 
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- 
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Fiber Optic Driver 
Raycom 
Systems 
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TABLE 1 - COM91C32 ELECTRICAL CHARACTERISTICS 


MAXIMUM 
GUARANTEED 
RATINGS' 


Operating Temperature 
Range 
. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ooe to lOoe 
Storage Temperature 
Range 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 -55°C 
to 150°C 


Lead Temperature 
(soldering, 10 sec.) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 325°C 


Positive Voltage on any Pin 
0000000000000000000000000000000000000000000000.00000 
0 
0 
0 
0 
0 
0 
0 
0000000000 
Vcc + 0.3 
Negative Voltage on any Pin 
0 
0 
• 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-0.3V 
Maximum 
Vcc 
0000000000000000000000000000000000000000000000000000 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 + loOV 


'Stresses 
above those listed may cause permanent 
damage 
to the device. This is a stress rating only and functional 
operation 
of the device 
at these 
or at any other condition 
above those 
indicated 
in the operational 
sections 
of this 
specification 
is not implied. 
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V,l' 
Low Input Voltage 
0.8 
V 


V,H2High Input Voltage 
Vee-0.5V 
V 
for TTL CLK IN 


V,l2 Low Input Voltage 
1 
V 


V,H3High Input Voltage 
3.6 
V 
for PORIN 


V,l3 Low Input Voltage 
1.0 
V 


OUTPUT 
VOLTAGES 


VOH' High Output Voltage 
Vee-1.0 
V 
IOH = 400 IJA except for CA, LANCLK 
VOLl Low Output Voltage 
0.4 
V 
IOL = 4.0 mA except for CA, LANCLK 
VOH2High Output Voltage 
Vee-0.5 
V 
IOH = 100 IJA for CA, LANCLK 


VOl2 Low Output Voltage 
0.4 
V 
IOL = 100 IJA for CA, LANCLK 


INPUT LEAKAGE CURRENT 


IL 
+10 
IJA 


INPUT CAPACITANCE 


C,N 
15 
pF 


POWER SUPPLY CURRENT 


Ice 
20 
mA 
• 


FIG 
PARAMETER 
MIN 
TVP 
MAX 
UNIT 
COMMENTS 
NO. 


TTL CLOCK 
INPUT TIMING 


Fig. 3 
t, Input Clock High Time 
20 
ns 
@Vee-0.5V 


h Input Clock Low Time 
20 
ns 
@1V 


b Input Clock Period 
50 
ns 


CA, LANCLK OUTPUT TIMING 


Fig. 3 
t. Clock Out Fall Time 
20 
ns 
@50pFmax 
t5 Clock Out Rise Time 
20 
ns 
@50pFmax 
t6 Clock Out High Time 
75 
ns 
@50pFmax 
h Clock Out Low Time 
75 
ns 
@50pFmax 
Is Clock Out Period 
200 
ns 
@50pFmax 


TRANSMIT 
TIMING 


Fig. 4 
t9 TX Setup to CA falling edge 
50 
ns 


t,o TX Hold after CA falling edge 
10 
ns 


t11Xtal rising edge to PULS1 /2 
60 
ns 


t'2 PULS1 /2 Pulse Width 
2 (b) 
ns 


t13 INHTX to Pulse inactive 
100 
ns 


RECEIVE TIMING 


Fig.5 
t'5 RXIN Pulse Width 
10 
ns 


t'6 RXIN to RXOUT delay 
5 (b) + 70 
ns 


t17 RXOUT Pulse Width 
400 
ns 


t'8 XTAL RISING EDGE TO RXOUT 
70 
ns 


DSYNC, CA TIMING 


Fig. 5 
t'9 DSYNC Setup to CA rising edge 
20 
ns 


RESET TIMING 


Fig. 6 
bo RESET IN Pulse Width 
120 
ns 
(NOTE 1) 


b, RESET IN falling edge to 
170 
ns 
(NOTE 2) 


RESET OUT falling edge 


b2 RESET IN rising edge to 
102 
102.4 
103 
us 
RESET OUT rising edge 


b3 RESET OUT Pulse Width 
bo+b2-2b 


INPUT CLOCK 
FREQUENCY 
8.0 
20 
MHz 


NOTE 1: For Input clock frequencies 
of less than 20 MHz, bo = 213+ 20 ns 


NOTE 2: For Input clock frequencies 
of less than 20 MHz, t31= 2b = 70 ns 


*ALL TYPICAL 
VALUES ARE AT Vee = 5.0 V and TEMPERATURE 
= 25°C 
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Circuit dIagrams utilizing SMC products are included as a means of illustrating 
typical semiconductor 
applica- 
tions, consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 


information 
has been carefully 
checked 
and is believed to be entirely 
reliable. However. no responsibility 
is 


assumed for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
CORPORATION~ 
COM92C32 


ADVANCED INFORMATION 


PRELIMINARY 


Enhanced Local Area Network Transceiver 


FEATURES 
o Compatible 
with the COM9026 
and COM90C26 


ARCNET® ILAN 
controllers 


o Compatible 
with COM90C56 
Enhanced 
LAN Controller 


o Converts 
transmit 
data to NRZ or Manchester 
format 


o Converts 
receive Manchester 
II data to NRZ format 


o High performance 
DPLL for high bit jitter tolerance 


o Receiver blanking circuit for ignoring line reflections, 
ringing and inductive effects 


o Compatible 
with 
HYC 9078 
o On board predistortion 
circuitry 


o On board crystal oscillator simplifies clock generation 
o CLK/CA 
clock generation 
for the COM9026 
and 


COM90C26 


o 5V only power supply 
o Compatible 
with RS-422/RS485 
Transceivers 


o Low power CMOS 
o Modem control signals 
o 16 pin DIP and PLCC packages 


TXOUT 
'--../ 
VCC 


TXOUT 
TXENABLE 


MODE 
TX 


RESET OUT 
CA 


RESET IN 
DSYNC/2XCLK 


XTAL2 
RXOUT 


XTAL1ITTLCLK 
RXIN 


GND 
LANCLK 


·Preliminary 
Pin Out 


The COM92C32 
is a companion 
chip to the COM9026 


and COM90C26 
Local Area Network Controllers 
(LANG). It 


contains 
all the necessary 
logic to interface the COM9026 


and COM90C26 
to baseband 
or broadband 
Local Area 


Networks. 
It is also 
compatible 
with 
the 
COM90C56 


Enhanced 
LANC. 
During data transmission, 
the COM92C32 
converts 
the 


pulsed TX data signal from the COM9026 
and COM90C26 


to NRZ 
(Non 
Returned 
to Zero) 
format 
for 
Broadband 


networks, 
and 
to Differential 
Manchester 
format 
for 


baseband 
networks. 
It also 
generates 
a TX ENABLE 


signal 
to enable 
the 
media 
driver 
circuitry 
during 
data 


transmission. 


The use of Manchester encoded data allows bus topologies 


in the order of 20 nodes and 2000 feet on coaxial cables 
without active repeaters. In addition, the COM92C32 
can be 


used 
with 
discrete 
RS4221485 drivers 
to implement 
the 


physical 
layer of the ARCNET® 
local area network 
over 


telephone 
grade twisted pair media. 


When 
receiving 
data, 
the 
COM92C32 
samples 
and 


recovers 
the 
incoming 
receive 
data 
and 
presents 
it 


synchronously 
to either 
the 
COM9026, 
COM90C26 
or 


COM90C56. 
It also performs the necessary 
handshake 
and 


generation 
of the Bit Clock 
(CA) for the COM9026 
and 


COM90C26. 


The chip incorporates 
a 25 MHz internal oscillator 
which 


simplifies clock generation. 


I 


VCC 


GND 


MODE 
TX 


DSYNC/2XCLK 


RX OUT 


CA 


I-- 


I-- 
f-- 
NRZ TO DIFFERENTIAL 
~ 
MANCHESTER 
DECODER 
AND 
TRANSMIT 
CONTROL 
LOGIC 


DIFFERENTIAL 


RETIMING 
f--- 
MANCHESTER 
TO NRZ 
AND 
k-- 
DECODER 
AND 
HANDSHAKE 
RECEIVE 
CONTROL 
LOGIC 
-+- 


DIVIDE BY 


FIVE 


RESET 
r 


LOGIC 
I 
OSCILLATOR 
I IOXCLK 
I 


TXOUT 


TXOUT 


TX ENABLE 


~- 
.. - 
'''4r\IVIL.. 
MI'4L1 
I 
UI~\J 
IIVI\I 


''IV 


TXOUT 
0 
TRANSMIT 
OUT-This 
output signal carries the transmitted 
serial data encoded 
in either differential Manchester 
format or NRZ format 
In the Manchester 
mode 
of operation, this pin will idle high when the COM92C32 
is not transmitting. 
In the 


NRZ mode, this pin will idle low when the COM902C32 
is not transmitting. 


TXOUT 
0 
TRANSMIT 
OUT-This 
output signal carries the transmitted 
serial data encoded 
in either differential 
Manchester 
format or NRZ format 
In the Manchester 
mode 


of operation, this pin will idle high when the COM92C32 
is not transmitting. 
In the 


NRZ mode, this pin will idle low when the COM92C32 
is not transmitting. 


TXENABLE 
0 
TRANSMIT 
ENABLE- 
This output signal is active low when the transmitted 
data 


on TXOUT and TXOUT is valid. It is used to enable the external media driver 
circuitry. 


TX 
I 
TRANSMIT 
DATA-This 
input represents the serial data transmitted 
by either the 


COM9026 
or COM90C26. 


DSYNC/ 
I 
DSYNC- 
This active low input is asserted by the COM9026'or 
COM90C26 
and 


2XCLK 
is used to synchronize 
the CA clock output of the COM92C32 
to the received 


data. 
When the COM92C32 
is used with the COM90C56 
ELANC chip, this pin 
becomes the 2XCLK signal from the ELANC. 


CA 
0 
BIT CLOCK-This 
output is a 5 MHz start/stop 
clock that halts when DSYNC 
goes active. DSYNC is used to synchronize 
the CA clock output to the RX OUT 


received data. 


LANCLK 
0 
LAN CLOCK-This 
output supplies a 5 MHz free running clock for the COM9026 


or COM90C26, 
pin 19. It is capable of driving 50pF plus one LS/TTL 
load with 


20ns rise and fall times. 


RXOUT 
0 
RECEIVE DATA OUT-This 
output provides tbe NRZ encoded 
receive data to 


the COM9026 
and COM90C26. 
This output is synchronous 
to the CA clock. 


RXIN 
I 
RECEIVE DATA IN-This 
input receives data from the cable interface cir~uitry. 


XTAL1mLCLK 
I 
CRYSTAL-An 
external 25 MHz crystal is connected 
to these pins. If an external 
XTAL2 
25 MHz TTL clock is used, it should be connected 
to the XTAL 1 with a 390 ohm 


pullup resistor; XTAL2 must be left floating. 


RESET IN 
I 
RESET -This 
signal resets the COM92C32 
to a known state. In addition, it 
disables the transmitter 
and generates the RESET OUT signal to the COM9026 


and COM90C26. 


RESET OUT 
0 
RESET OUT - This output signal provides a 102.4t/s Reset signal to the 
COM9026 
and COM90C26. 


MODE 
I 
MODE SELECT -This 
pin is used to select the mode of operation 
of the 
COM92C32. 
The three possible modes are: 


1) Vcc - Differential Manchester 
with COM9026 
or COM90C26. 


2) GND - NRZ Mode with COM9026 
and COM90C26. 


3) RESET OUT - Differential Manchester 
with COM90C56 
(ELANC). 


Vcc 
- 
+5 Volt Power Supply 


GND 
- 
Ground 


NOTE: 
For an updated 
data sheet 
please 
fill out the reply card in 


the back of this catalog 
or call SMC at (516) 273-3100. 
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TX 
C 
C 
ClK 
0 
0 
M 
M 
CA 
9 
or 9 
DSYNC 
0 
0 
2 
C 
RX 


6 
2 
6 


TX 


lANClK g 
TXOUT 


CA 
M 
TXOUT 


DSYNC 
9 


RXOUT 
2 
RXIN 
C 
3 
2 


H 
COAX 
y 
C 
9 
o 
7 
8 


C 
C 
TX 
TX 
C 
TXENABlE 
TWISTED 
0 
0 
ClK 
lANClK 
0 
PAIR 


M 
M 
CA 
CA 
M 
TXOUT 
RS-485 
9 
or 9 
DSYNC 
DSYNC 
9 
TXOUT 
INTERFACE 
0 
0 
2 


2 
C 
RX 
RXOUT 
C 
6 
2 
3 
RXIN 


6 
2 


Circuit diagrams utilizing SMC products are Included as a means of illustrating typical semiconductor appli- 
cations: consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliabie. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon- 
ductor devices described any license under the patent rights of SMC or others. SMC reserves the right to 
make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSVSTEMS 
CORPORATION,f 
U 
HVC9058 


PRELIMINARY 


ARCNET® High Impedance Transceiver 
H I Tr" 


o Compatible 
with existing ARCNET® 
installations 


o Compatible 
with ARCNET® coax drivers 


o Pin Compatible 
with ARCNET® fiber-optic 
drivers 


o Enables Bus topology 
on ARCNET® 
LAN's 


o Provides network expansion 
without any additional 


repeaters 
or major rewiring 


1 
NC 


2 
NC 


3 
-5v 


4 
Gnd 
5 
Ref Volt 


6 
+5v 


7 
Rx 


8 
TPA 


9 
NC 


10 
TPD 


11 
OutputS 
12 
OutputC 


13 
Gnd 


14 
Gnd 


15 
TPC 


16 
TPS 
17 ] 
Gnd 
18 
PULS2 
19 
Disable 
20 
PULS1 


The High Impedance Transceiver 
(HIT) providesARCNET® 


LAN's designers 
with a new bus configuration 
option, while 


reducing 
hardware 
and installation 
costs. The HIT offers 


ARCNET® LAN's with the ability to provide the highest node 
performance/cost 
ratio available heretofore. The bus topol- 


ogy and the reduced 
need for HUB's 
(active 
repeaters) 


eliminate 
the excessive 
costs 
usually 
associated 
with 


installing 
a new LAN or modifying 
an existing one. 


The HIT is compatible 
with SMC monolithic 
LAN controller 


chip set the COM9026/COM90C26 
and the COM90C32. 


However It can work with other controllers 
and its inherent 


high output 
impedance 
enables 
it to drive several 
types 


of media 
cables. 


The 
HIT is easily 
incorporated 
into existing 
ARCNET® 


LAN's. The HIT is pin-compatible 
with other media drivers, 


like the COAX 
driver 
currently 
used 
in most ARCNET® 


baseband 
applications 
and the fiber optic driver manufac- 


tured by Raycom Systems. 


The HIT contains 
all the necessary 
filtering 
to guarantee 


noise-immunity 
for 
interference-free 
data 
transfers 
at 


2.5 Mbps. 


I 


Disable 


I 
- f9- -- 
----- 
-- - -- 
~NC 
I 
Isolation 
I 
2 
20 
Transformer 
I- 
NC 
Puls1 


Filter 
~NC 
and 


18 
Amplifier 
[Y 


PUiS2 


~ 


COAX 


I 
8 


7 
Threshold 


,__ 
TPA 


Filter 
Rx Data 
Voltage 
16 
TPB 
I 
Detector 
I:" 
TPC 
I 
10 
L 
~TPD 
----- 
----F--- 
5 
t6 t4 
3 
13t 
14t 
17t 


Voltage 
+5V 
GND 
-5V 
GND 
GND 
GND 
Threshold 
Adjust 
(should be left open 
in normal operation) 


PIN# 
NAME 
SYMBOL 
FUNCTION 


1,2,9 
- 
NC 
Not used. No connection. 


3 
Power Supply 
VDD 
- 5 Volts Power Supply. 
4,13,14,17 
Ground 
GND 
Ground 


5 
Threshold 
REFV 
Internal 
Set Reference 
Voltage 
can 
be used 
to 
Voltage 
adjust 
Internal 
Voltage 
Detector 
Threshold 
in 
Special 
Situations. 


Normally, 
this 
pin should 
not be connected. 


6 
Power Supply 
VCC 
+ 5 Volt Power Supply. 


7 
Received 
RX 
Received 
Data, 
goes 
to RXIN 
of COM90C32 
(TIL). 


Data Output 


8,10,15,16 
Test Points 
TPA, TPB 
Test Points. Make 
no connection 
to these 
pins. 


TPD, TPC 


11 
COAX 
1/0 
OUTPUT 
S 
Connectto 
Coax Cable 
Shield 
(Outer 
Conductor). 
Bypass 
to GND is recommended. 


12 
COAX 
1/0 
OUTPUT 
C 
Connect 
to Coax Cable 
Inner Conductor 
(Center) 


18 
Pulse2 
PULS2 
TTL Level Input to the Transmitter 
Section 
(Active 
Low). 


19 
Disable 
Disable 
Normally 
connected 
to ground 
a high 
disables 
the transmitting. 


20 
Pulse 1 
PULS1 
TTL Level Input to th~ Transmitter 
Section 
(Active 
Low). 


FUNCTIONAL 
DESCRIPTION 


The HIT integrates 
a host of discrete 
components 
onto a 


hybrid microcircuit to provide the Local Area Network design 
with space and cost reductions 
as well as the enhanced 


reliability of a single component. 


Transmit section: 
Referring to the block diagram of figure 1, Pulse 1 and Pulse 
2 signals can be TTL pulses of 100 nsec each with Pulse 2 
delayed by 100 nsec. The optimum timing for these signals 
can be obtained from SMC's COM90C32. 
Amplification 
and 


filtering 
is used to eliminate 
undesirable 
frequencies 
from 


the signals, while providing them with the necessary 
drive, 


before transmitting 
onto the line through an isolation trans- 


former. The driving circuitry 
has been designed 
to present 


a very high impedance 
to the line for minimum loading. The 


transformer 
typical voltage output is 20 volts peak to peak. 
In most applications, 
it is recommended 
that the shield of 


the coaxial cable be bypassed 
to ground by a parallel R-C 


combination. 


Receive section: 
The received dipulse signal from the line is DC isolated by 
the transformer. 
It is filtered to reduce noise, voltage tran- 
sients and intersymbol 
interference. 
It is then recovered by 


a threshold 
voltage 
detector. 
The minimum 
signal ampli- 
tude necessary for reliable operation is 6 volts peak to peak. 
The TTL Rx Data output is then sent to the receive input of 


the COM90C32. A voltage threshold pin can be used to vary 
the threshold 
voltage for special situations. 


In normal operation, 
the "disable" 
at pin 19 should be tied 


to ground. 
However, in certain cases, this pin can be used 


to prevent transmission. 


APPLICATION 
INFORMATION 
The hit is designed 
to eliminate 
the need for Hubs in small 


(8 nodes) installations 
extending 
up to 1000 feet as shown 


in figure 2. However the number of nodes is inversely pro- 
portional to the bus length. 
I 


Figure 2- 
Typical Small Hubless 
Network 


'HYC 9058 
Figures 3 and 4 show alternative 
ARCNET® local area net- 


work implementation 
using the "LAND" 
and the HIT. As can 


be easily observed the straight forward approach of the HIT 
version results in very low per node cost as well as ease of 
installation. 


...•..•.•••••••••••••••••••••••••••••••••••••••••••••••••••••• 
"""TV\oJ\V 
I 
'~oJ\oJ 
Lead Temperature 
(soldering, 
10 sec.) 
.......................................•........................ 
+ 325 C 
Positive Voltage 
on any pin with respect 
to Gnd 
8 V 
Negative 
Voltage 
on any pin except Vdd with respectto 
Gnd 
- 0.3 V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
be exceeded 
or device 
failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 
is switched 
on and oil. In addition, 
voltage 
transients 
on the AC power line may appear 
on the DC output. 
If this possibility 
exists 
it is 
suggested 
that a clamp 
circuit 
be used. 


Parameter 
Min. 
Typ. 
Max 
Unit 
Comments 


INPUT 
VOLTAGE 
LEVELS 


Pulse 1, 2, DSBL inputs 


Low-level, 
VIL 
0.8 
V 
iii = -.8ma 


High-level, 
VIH 
2.0 
V 
lih = .2ma 


Received 
signal amplitude 
6 
Vp-p 


OUTPUT 
VOLTAGE 
LEVELS 


Rx Data output 
Low-level, 
VOL 
0.4 
V 
OneTTLload 
High-level, 
VOH 
2.4 
V 
OneTTLload 


Transformer 
output 
16 
Vp-p 
HYC 9058 


POWER 
SUPPLY 
CURRENT 


Icc 
190 
285 
mA 


Idd 
180 
270 
mA 


PULSE 
WIDTH 


Pulse 1, 2 inputs 
100 
nsec 


~ 


Node 
Node 


~ 


B 
B 
A 
B 


93 
C 
H 
93 
II 
II 


Termination 
ACTIVE 
HUB 
Termination 


~ 


D 
G 


~ 


II 
E 
F 
II 


N~e 
N~e 


Maximum 
Distance: 
HYC 9058: 
1000 ft. 


COM90C26 
COM90C32* 
HYC9058 
OR 
OR 
(HIT) 


COM9026 
COM91C32 
TX 
TX 
I 


CA 
CA 
PUlS2 
PUlS2 
COAX 


DSYNC 
DSYNC 
PULS1 
PUlS1 


RX 
OUTPUT C 
RXOUT 
RXIN 
RX 
OUTPUT S 


ClK 
lANClK 


IDlD 
IDDAT 


OSC 


20 MHZ 
SQUARE 
WAVE 
COM90C32 - local 
Area Network Transceiver 


See page 223 


COM91C32 - Improved local 
Area 
Network Transceiver 
See page 247 


Lead Frame-Right 
Angle 
Straight 
-..! .400 I-.... 


IMAXI- 
C 
T 
~ 
N 
1.25 
E 
1 : 
I 
D 
E 


HYC9058 


COMPONENT 
SIDE 
T 
1.15MAX 


-~I- 


.090 MAX. 


~~~~\~r~~~f6r~~~~~~~~i~~n~ 
f~~~~~~\~u~?o~~~r~~~::i: 
n~~~~~e~~~~~~t~~~~~.r~~~~~oa~~~T~~~~~ ;~~~~~~~~::~ 


checked 
and is believed to be entirely reliable. 
However, no responsibility 
is assumed for inaccuracies. 
Furthermore, 


such information 
does not convey to the purchaser 
of the products 
described 
any license under the patent rights of 
SMC or others. SMC reserves the right to make changes at any time in order to improve design and supply the best 
product 
possible. 


STANDARD MICROSYSTEMS 
CORPORATIONtfI 
HYC9068 
PRELIMINARY 


ARCNET® Local Area Network 
Driver 
LANDTM 


FEATURES 
o Compatible 
with existing ARCNET® installations 


o Compatible 
with ARCNET® coax drivers 


o Pin Compatible 
with ARCNET® fiber-optic 
drivers 


o Replaces 
more than 25 discrete 
components 
and IC's 


The HYC9068 
is a Coax Driver for ARCNET 
Local Area 


Networks. 
The 
HYC9068 
is compatible 
with 
SMC's 


COM9026/COM9OC26 Local Area Network Controller (LANG) 
and the COM9OC32 Local Area Network Transceiver (LANT). 
The HYC9068 simplifies network implementation 
while pro- 


-12v 
Return 


-12v 
-5v 


Gnd 
TPE 
+5v 


Rx 
TPF 
TPD 
TPC 
OutputS 
OutputC 


Gnd 
Gnd 
TPB 
TPA 


Gnd 


Puls2 
Disable 
Puls1 


viding considerable 
space and cost savings plus the high 


reliability of a single component. 
The HYC9068 
contains 
both receive and transmit filters to 


guarantee 
interference-free 
data transfer 
over 2,000 ft. of 


RG-62 coaxial cable at 2.5 Mbps data rate. 


I 


I 


20 I 


Puls1 


18 
Puls2 


119 
--t------ 


Filter 
and 
Amplifier 


- 
- 
- 
- 
~ 
-12VRETURN 
I 
21---12V 


~TPD[9 roAX 


I~TPF 
I 
16 
TPA 


:: 
" 
TP8 


10 
TPC 
-----------y- 
i5 
t6 
14 
j3 
13t 
14t 
17t 


TPE 
+5V 
GND 
-5V 
GND 
GND 
GND 


Threshold 
Voltage 
Detector 


PIN# 
NAME 
SYMBOL 
FUNCTION 


1 
-12V Return 
GND 
-12V Return 


2 
Power Supply 
Vss 
-12V Power Supply 
3 
Power Supply 
VDD 
-5 Volts Power Supply. 


4,13,14,17 
Ground 
GND 
Ground 


6 
Power Supply 
VCC 
+ 5 Volt Power Supply. 


7 
Received 
RX 
Received 
Data, goes to RXIN of COM9OC32 
(TTL). 


Data Output 


8,10,15,16,5,9 
Test Points 
TPA, TPB, TPE 
Test Points. 
Make no connection 
to these 
pins. 
TPD, TPC, TPF 


11 
COAX 
1/0 
OUTPUT 
S 
Connect 
to Coax Cable Shield 
(Outer 
Conductor). 
Bypass 
to GND is recommended. 


12 
COAX 
1/0 
OUTPUT 
C 
Connect 
to Coax Cable 
Inner Conductor 
(Center). 


18 
Pulse 2 
PULS2 
TTL Level Input to the Transmitter 
Section 
(Active 
Low). 


19 
Disable 
Disable 
Normally 
connected 
to ground 
a high 
disables 
the transmitting. 


.~O 
Pulse 1 
PULS1 
TTL Level Input to the Transmitter 
Section 
(Active 
Low). 


FUNCTIONAL 
DESCRIPTION 


When using the optional 
-12V 
supply, Pin 3 must not be 
operation. 


connected. 
Pin 1 must be grounded 
and 
-12V 
must be 
In order to inhibit surge damage 
as well as limit spurious 
applied to Pin 2. 
radiation, 
it is suggested 
that the shield of the COAXIAL 
The easiest way to create the optimsm 
input is to use the 
CABLE be bypassed 
to ground by a parallel 
R-C Network 


SMC 
COM9OC32 
to 
provide 
PUL 
1 and 
POLS2. 
The 
(0.005 fLFd/1 Kv in parallel with two 5.6K ohm/V2W 
resistors 
DISABLE 
(Pin 
19) should 
be 
grounded 
during 
normal 
in series) as shown in typical interconnect 
diagram. 


ELECTRICAL CHARACTERISTICS 


MAXIMUM GUARANTEED 
RATINGS*: 
I 


Operating 
Temperature 
Range 
0 C to + 70 C 
Storage Temperature 
Range 
- 
40 C to + 125 C 
Lead Temperature 
(soldering, 
10 sec.) 
+ 325 C 
Positive Voltage on any pin with respect to Gnd 
8 V 


Negative Voltage on any pin except Vdd and Vss with respect to Gnd 
- 
0.3 V 


'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the device at these 
or at any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not be exceeded or 
device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. In addition, 
voltage transients on the AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


Parameter 
Min. 
Typ. 
Max 
Unit 
Comments 


INPUT VOLTAGE LEVELS 
Pulse 1,2, DSBL inputs 
Low-level, 
VIL 
0.8 
V 
Iii = -.8ma 
High-level, 
VIH 
2.0 
V 
lih = .2ma 
Received signal amplitude 
6 
Vp-p 
OUT.PUT VOLTAGE LEVELS 
Rx Data output 
Low-level, 
VOL 
0.4 
V 
OneTTLload 
High-Level, 
VOH 
2.4 
V 
OneTTLload 
Transformer 
output 
15.4 
20 
Vp-p 
Cable noise amplitude 
4 
Vp-p 
POWER SUPPLY CURRENT 
lee 
250 
mA 
Idd 
20 
mA 
Iss 
50 
mA 
PULSE WIDTH 
Pulse 1, 2 inputs 
100 
nsec 
COAXIAL 
CABLE 
Type RG-62 (93!1) 
2,000 
ft 


PULS2 


PULS1 
OUTPUT C 


RX 
OUTPUT S 


COM9026 
OR 
COM90C26 
TX 


CA 


OSYNC 


RX 


PaR 


CLK 


10LD 


100AT 


TX 


CA 
PULS2 


OSYNC 
PULS1 


RXOUT 


RESET OUT 
RXIN 


LANCLK 


RESETIN 
PaR IN 


XTAL1 
XTAL2 
bod 
22pF J 
"! 22pF 


PaR IN 
.t CAPACITOR 


HYC9068 
(LAND) 


• COM9OC32 -Local 
Area Network 


Transceiver is also 
compatible w~h the 
COM9026 or COM90C26 
and HYC9068. 


Lead Frame-Right 
Angle 
Straight 


-..I .400 I-...- 


-'MAX 
1- 
C 
T 
~ 
N 
1.25 
E 
1 ; 
I 
D 
E 


HYC9068 


COMPONENT 
SIDE 


-~ f- 


.090 MAX. 


Circuit 
diagrams 
utilizing 
SMC 
products 
are 
included 
as 
a means 
of illustrating 
typical 
applications; 
consequently 


complete 
information 
sufficient for construction 
purposes is not necessarily 
given. The information 
has been carefully 


checked 
and 
is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is assumed 
for inaccuracies. 
Furthermore, 


such information 
does not convey to the purchaser 
of the products 
described 
any license under the patent 
rights of 


SMC 
or others. 
SMC 
reserves 
the 
right 
to make 
changes 
at any 
time 
in order 
to improve 
design 
and 
supply 
the 
best 


product 
possible. 


STANDARD 
MICROSYSTEMS 


CORPORATIONJf 
U 
HYC9078 
PRELIMINARY 


High Impedance 
Transceiver 
HIT™2 


FEATURES 
o Compatible 
with SMC's COM9056 
Enhanced 
Local 


Area Network Controller 
(ELANC) 


o 5 MHz operation 
o High impedance 
o Enables Bus topology 
on LAN's 


o Provides network expansion 
without any additional 


repeaters 
or major rewiring 


o Multi-media 
drive capability 


o Space saving economy 


020 
pin single in line package 
(SIP) 


o Straight or right angle lead frame 
o Built in filters for noise immunity 
o Common 
mode isolation 


o Wide dynamic 
range 


o Very low level receiver sensitivity 


1 
NC 
2 
NC 


3 
-5v 
4 
Gnd 


5 
AefVolt 
6 
+5v 
7 
Ax 


8 
TPA 
9 
NC 
10 
TPD 


11 
OutputS 
12 
OutputC 
13 
Gnd 
14 
Gnd 
15 
TPC 


16 
TPB 


17 
Gnd 
18 
Pulse 2 
19 
Disable 
20 
Pulse 1 


The HIT2 is a new media interface hybrid which works with 
the ELANC in the new high speed 5Mbps mode of signal- 
ling. 
The 
HIT2 
will 
be available 
in a 20pin 
SIP hybrid 


package. 
The HIT2 has been tuned to operate with the ELANe's 
high 


speed mode and includes a specially designed 
receive cir- 


cuit to receive data in the manchester 
signalling 
scheme. 


without introducing a significant amount of bit jitter. The HIT2 


also includes a transmit signal amplifier and high frequency 
filter so that it generates 
clean signals that are free from 


high order harmonics 
that might cause EM I problems. 
Both 


the transmit 
section 
and receive 
circuit 
are transformer 


coupled 
to the output and have both been designed 
with 


very high input impedances which allow the HIT2 to be used 
in bus topologies. 
Additionally, 
the large dynamic 
range of 


the HIT2 provides very relaxed cabling restrictions. 


NOTE: 
For an updated 
data sheet 
please 
fill out the reply card in 


the back of this catalog 
or call SMC at (516) 273-3100. 
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I 


----- 
--~NC 


I 
2I- 
NC 


~NC 
tJ_ 


CO 


_ 


AX 


I 
8 


,--TPA 


16 
TPB 
I:" ''0 


10 
TPD 
_________ 
-.r- 


t6 t4 t 3 
13i 
14t 
17i 


+ 5V 
GND 
- 5V 
GND 
GND 
GND 


20 
Pulse 1 


Filter 
I 
and 
18 
Amplifier 
Pulse 2 


Threshold 
Voltage 
Detector 


Voltage 
Threshold 
Adjust 


FIGURE2: 
ELANC INTERFACE WITH DYNAMIC 
BUFFER 
BLOCK DIAGRAM 


EACK 


110 STROBE 


PULSE 
1 


ELANC 
PULSE 2 
COM90C56 


STAN~RD 
MICROSVSTEMS 


CORPORATION 
IlliiillrJ5r.-ra.8lroll ~NYl11M 
IS1$2n·31OO 
1WX·~1CH21" 


Circuit 
diagrams 
utilizing 
SMC products 
are included 
as a means of illustrating 
typical 
applications: 
consequently 


complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The information 
has been carefully 


checked and is believed to be entirely 
reliable. However, no responsibility 
is assumed 
for inaccuracies. 
Furthermore, 


such information 
does not convey to the purchaser 
of the products 
described 
any license under the patent rights of 


SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best 


product 
possible. 


Baud Rate Generator 


Part 
Power 
Number 
Description 
Features 
Supplies 
Package 
Page 
COM5016 
Dual Baud Rate Generator 
On-chip oscillator 
or external 
+5, + 12 
18 DIP 
271-272 
freQuenev input (use 8116 for new desi/Uls) 
COM50161"') 
Dual Baud Rate Generator 
External 
frequency input 
+5, + 12 
18 DIP 
271-272 
COM5026 
Single Baud Rate Generator 
On-chip oscillator 
or external 
+5, + 12 
14 DIP 
273-274 
frequency input (use 8126 for new desi/Uls) 
COM5026T(l) 
Sinl!le Baud Rate Generator 
External 
frequency input 
+5, + 12 
14 DIP 
273-274 
COM5036 
Dual Baud Rate Generator 
COM5016 with additional 
output of 
input frequency 
.•.4 (use 8136 or 81C36 
+5, +12 
18 DIP 
271-272 
for new desi/Uls) 
COM50361"') 
Dual Baud Rate Generator 
COM5016T with additional 
output of 
+5, +12 
18 DIP 
271-272 
input frequency 
.•.4 
COM5046 
Single Baud Rate Generator 
COM5026 with additional 
output of 
input frequency 
.•.4 (use 8146 for 
+5, + 12 
14 DIP 
273-274 
new designs) 
COM5046T(l) 
Single Baud Rate Generator 
COM5026T with additional 
output of 
+5, +12 
14 DIP 
273-274 
input frequency 
.•.4 
COM8046 
Single Baud Rate Generator 
32 baud rates; IX, 16X, 32X clock outputs; 
+5 
16 DIP 
275-276 
sinl!le + 5 volt supply 
COM8046T<l) 
Single Baud Rate Generator 
COM8046 with external 
frequency 
+5 
16 DIP 
275-276 
inputonlv 
COM8116 
Dual Baud Rate Generator 
Sinl!le + 5 volt version of COM5016 
+5 
18 DIP 
277-278 
COM81161"" 
Dual Baud Rate Generator 
S~le 
+ 5 volt version of COM5016T 
+5 
18 DIP 
277-278 
COM8126 
Single Baud Rate Generator 
Single + 5 volt version of COM5026 
+5 
14 DIP 
279-286 
COM8126T(l) 
Single Baud Rate Generator 
Single + 5 volt version of COM5026T 
+5 
14 DIP 
279-286 
COM8136 
Dual Baud Rate Generator 
Sinl!le + 5 volt version of COM5036 
+5 
1BDIP 
277-27B 
COMB1361"') 
Dual Baud Rate Generator 
Sinl!le + 5 volt version of COM5036T 
+5 
1BDIP 
277-27B 
COMBl46 
Sinale Baud Rate Generator 
Sinl!le + 5 volt version of COM5046 
+5 
14 DIP 
279-2B6 
COMB146T'l) 
Single Baud Rate Generator 
Single + 5 volt version of COM5046T 
+5 
14 DIP 
279-2B6 
COMB156 
Dual Baud Rate Generator 
High-frequency 
clock input version of 
COMB116 with additional 
outputs of 
+5 
1BDIP 
2B7-290 


input frequency 
.•. 2 and .•. B 
COMB156T(l) 
Dual Baud Rate Generator 
External 
clock input version of 
+5 
1BDIP 
2B7-290 
COM8156 
COMB1C66'2' 
Timer/Clock Generator 
CMOSUser Prol!rammable 
Clock and Timer 
+5 
16 DIP 
291-292 
COMB10661"2) 
Timer/Clock Generator 
External 
Frequency Input version 
+5 
16 DIP 
291-292 
of COM8166T 
COMB1C67'2' 
Timer/Clock Generator 
CMOSUser Programmable 
Clock and Timer, 
+5 
BDIP 
291-292 
Built-in XTALoscillator 
2 timers 
COMB106B(O) 
Timer/Clock Generator 
TTL Clock Driver Version of the COM81C67 
+5 
BDIP 
291-292 
with 3 timers 


I 


COM 5016 
cOM5016T 
COM 5036 
cOM5036T 


Dual Baud Rate Generator 
Programmable 
Divider 


FEATURES 
o On chiI' crystal oscillator 
or external 


frequency 
input 
o Choice of 2 x 16 output frequencies 
016 
asynchronous/synchronous 
baud rates 
o DIRECT 
UART/USRT/ASTRO/USYNRT 
compatibility 


o Full duplex communication 
capability 


o High frequency 
reference 
output' 
o TTL, MOS compatibility 


XTALlEXT1 
1 
\..J 
18 XTALlEXT2 


+5v 
2 
17 IT 


I. 
3 
16 TA 


RA 4 
15 T, 


R, 5 
14 Tc 


Rc 6 
13 To 


Ro 7 
12 STT 


STR 
8 
11 GND 


+12v 
9 
10 fxW I 


XTAUEXTl 
DIVIDER 
+2 
1, 


XTALZ 
CLOCK 
BUFFER 


XTAl 
'EXT2 
DIVIDER 
+2 
f. 


A 
A 
A 
+5v 
GND 
+12v 


vvr""I"'IVIU;:' 
IVIU::>IL::>Icevlce Wn,Cn, from a single crystal (on-chip oscillator) or input-frequency is capable of generating 
32 externally selecfable frequencies. 


The COM 5016/COM 5036 is specifically dedicated to generating the full spectrum of 16asynchronous/synchronous data 


communication frequencies as shown in Table 1.One of the sixteen output frequencies is externally selected by four address 
inputs, on each of the independent dividers, as shown in Table 1. 


Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input fre- 


quencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016/COM 5036 
is a dual baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 


The COM 5016/COM 5036 is basically a programmable 15-stage feedback shift register capable of dividing any modulo 
upto(2"-1). 


By using one of the frequene:youtputs it is possible to generate additional divisions of the master clock frequency by 


cascading COM 5016/COM 5036's. The frequency output isfed into the XTALlEXT input on a subsequent device. In this way 
one crystal or input frequency may be used to generate numerous output frequencies. 


The COM 5016/COM 5036 can be driven by either an external crystal or TTL logic level inputs; COM 5016T/COM 5036T 
is driven by TTL logic level inputs only. 


Pin No. 
Symbol 
Name 


XTAL/EXT1 
Crystal or 
External Input 1 
2 
Vee 
Power Supply 


3 
f. 
Receiver Output 
Frequency 


4-7 
RA, R,. Re, Ro Receiver-Divisor 
Select Data Bits 
8 
STR 
Strobe-Receiver 


9 
Voo 
Power Supply 
10 
f,/4' 
fx/4 
11 
GND 
Ground 


12 
STT 
Strobe- 
Transmitter 


13-16 
To. Te• T,. TA 
Transmitter- 
Divider 
Select Data Bits 
17 
fT 
Transmitter 
Output 
Frequency 
18 
XTALlEXT2 
Crystal or 
External 1nput 2 


Function 


This input is either one pin of the crystal package 
or one polarity 


of the external input. 
+ 5 volt supply 
This output 
runs at a frequency 
selected 
by the Receiver divisor 
select data bits. 
The logic level on these inputs, as shown in Table 1. selects 
the 
receiver output frequency. f•. 
A high level input strobe loads the receiver data (RA, R" Re, Ro) into 
the receiver 
divisor 
select 
register. 
This input may be strobed 
or 
hard-wired to a high level. 
+ 12 volt supply 
Y4 crystall clock frequency 
reference output. 


Ground 
A high level input strobe loads the transmitter 
data (TA, T,. Te, To) 


into 
the 
transmitter 
divisor 
select 
register. 
This 
input 
may be 
strobed or hard-wired to a high level. 
The logic level on these inputs, as shown in Table 1. selects 
the 
transmitter 
output frequency, fT' 


This input 
is either 
the other 
pin of the crystal 
package 
or the 
other polarity of the external input. 


COM 5026 
cOM5026T 
COM 5046 
cOM5046T 
Baud Rate Generator 
Programmable 
Divider 


FEATURES 
D On chip crystal oscillator 
or external 
frequency 
input 


D Choice of 16 output frequencies 
D 16 asynchronous/synchronous 
baud rates 


D Direct UART/USRT/ASTRO/USYNRT 
compatibility 


D High frequency 
reference 
output' 


D TTL, MOS compatibility 


XTALlEXT1 
1 
\..J 
14 
fOUT 


XTAL/EXT2 
2 
13 A 


+5v 
3 
12 B 


NC 
4 
11 C 


GND 
5 
10 D 


NC 
6 
9 
ST 


+12v 
7 
8 
fxl4' 


XTALL 
CLOCK 
BUFFER 
r 
---------------1 


I 
.•.4 
Ix/4' ! 
L 
I-------~ 
---------- 
A 
A 
,l 


+Sv 
GNO 
+12v 


I 


STAN~RD MICROSVSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


CORPORATION 
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applications: consequently complete information sufficient for construction purposes is not necessarily given. 


' 


The 
information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 


.~ .•••.• ~._ 
••• ,," assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of .the 


I '"'' ",,'•. '~".m_ semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION,t 
J 
COM 8046 
cOM8046T 


Baud Rate Generator 
Programmable 
Divider 


FEATURES 
o On chip crystal oscillator 
or external 
frequency 
input 
o Single +5v power supply 
o Choice of 32 output frequencies 
032 
asynchronousl 
synchronous 
baud rates 
o Direct 
UART/USRTI 
ASTRO/USYNRT 
compatibility 


ORe-programmable 
ROM via CLASp® 
technology 
allows generation 
of other 


frequencies 
o TTL, MaS compatible 
o 1X Clock via fol 16 output 
o Crystal frequency 
output via fx and fxl 4 
outputs 
o Output disable via FENA 


XTALlEXT1 
1 


XTALlEXT2 
2 


+5v 
3 


fx 
4 


GND 
5 


fo/16 
6 


FENA 
7 


E 
8 


16 
fo 


15 
A 


14 
B 


13 
C 


12 
D 


11 
ST 


10 
fx/4 


9 
NC 


fo 


XTAL/EXT1 
XTALZ 
DIVIDER 


CLOCK 
XTALlEXT2 
BUFFER 


fo/16 


FENA 


fx 


A 
~ 


+5v 
GND 
fx/4 


I 


The Standard Microsystems COM 8046 is an en- 
hanced 
version 
of the 
COM 5046 Baud 
Rate 
Generator. 
It is fabricated 
using SMC's patented 


COPLAMOS® and CLASp® technologies 
and em- 


ploys depletion mode loads, allowing operation from 
a single + 5v supply. 


The standard COM 8046 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 1X, 
16X and 32X UART/USRT/ASTR.o/USYNRT devices. 


The COM 8046 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8046T. TTL 
outputs used to drive the COM 8046 or COM 8046T 
should not be used to drive other TTL inputs, as noise 
immunity may be compromised 
due to excessive 


loading. 


The reference frequency (fx) is used to provide two 
high frequency outputs: one at fx and the other at 
fx/4. The fx/4 
output will drive one standard 7400 


load, while the fx output will drive two 74LS loads. 


The output of the oscillator/buffer 
is applied to the 


divider for generation of the output frequency fo. The 
divider is capable of dividing by any integer from 6 


to 219 + 1, inclusive. If the divisor is even, the output 
will 
be square; otherwise the output will be high 


longer than it is low by one fx clock period. The output 
of the divider is also divided internally by 16and made 
available at the fo/16 output pin. The fo/16 output will 
drive one and the fa output will drive two standard 
7400TTL loads. Both the fo and fo/16 outputs can be 
disabled by supplying a low logic level to the FENA 
input pin. Note that the FENA input has an internal 
pull-up which will cause the pin to rise to approx- 
imately Vcc if left unconnected. 


The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated· using SMC's unique CLASP® 
technology. This process permits reduction of turn- 
around-time for ROM patterns. 


The five divisor select bits are held in an externally 
strobed data latch. The strobe input is level sensitive: 
while the strobe 
is high, data is passed directly 


through to the ROM. Initiation of a new frequency is 
effected within 3.51'sof a change in any of the five 
divisor select bits; strobe activity 
is not required. 


This feature may be disabled through a CLASP® pro- 
gramming option causing new frequency initiation to 
be delayed until the end of the current fa half-cycle 
All five data inputs have pull-ups identical 
to that 


of the FENA input, while the strobe input has no 
pull-up. 


Pin No. 
Symbol 
Name 
Function 


XTALlEXT1 
Crystal or 
This input is either one pin of the crystal package or one polarity 


External Input 1 
of the external input. 


2 
XTALlEXT2 
Crystal or 
This input is either the other pin of the crystal package or the other 


External Input 2 
polarity of the external input. 


3 
Vcc 
Power Supply 
+5 volt supply 


4 
fx 
fx 
Crystal/ clock frequency reference output 


5 
GND 
Ground 
Ground 


6 
fo/16 
fo/16 
1X clock output 
7 
FENA 
Enable 
A low level at this input causes the fo and fo/16 outputs to be 
held high. An open or a high level at the FENA input enables the 
fa and fa/16 outputs. 
8 
E 
E 
Most significant divisor select data bit. An open at this input is 
equivalent to a logic high. 
9 
NC 
NC 
No connection 


10 
fx/4 
fx/4 
Y4 crystal/ clock frequency reference output. 


11 
ST 
Strobe 
Divisor select data strobe. Data is sampled when this input is high, 
preserved when this input is low. 
12-15 
D,C,B,A 
D,C,B,A 
Divisor select data bits. A = LSB. An open circuit at these inputs 
is equivalent to a logic high. 
16 
fa 
fa 
16Xclock output 


COM 8116 
COM 8116T 
COM 8136 
COM 8136T 


Dual Baud Rate Generator 
Programmable 
Divider 


FEATURES 
o On chip crystal oscillator or external 


frequency input 
o Single + 5v power supply 
o Choice of 2 x 16 output frequencies 
016 
asynchronous/synchronous 
baud rates 
o Direct UART/USRT/ASTRO/USYNRT 
compatibility 
o Full duplex communication 
capability 
o High frequency reference output* 
ORe-programmable 
ROM via CLASP® 


technology allows generation of other 
frequencies 
o TTL, MOS compatibility 
o Compatible with COM 5016/COM 5036 


XTALlEXT1 
1 
\.J 
18 XTALlEXT2 


+5v 
2 
17 t, 


t. 3 
16 TA 


RA 4 
15 T, 


RB 5 
14 Tc 


Rc 6 
13 To 


Ro 7 
12 STT 


STR 8 
11 GND 


NC 9 
10 txJ4* I 


XTAL!EXTl 
DIVIDER 
+2 
1, 


XTALL 
CLOCK 
BUFFER 


XTAl 
EXT2 
DIVIDER 
+2 
to 


A 
A 


.•. 5\0' 
GNO 


The Standard Microsystem's COM 8116/COM 8136 is an 
enhanced version of the COM 5016/COM 5036 Dual Baud 
Rate Generator. It is fabricated 
using SMC's patented 
COPLAMOS~ and CLASP~ technologies and employs 
depletion mode loads, allowing operation from a single + 5v 
supply. 


The standard COM 8116/COM 8136 is specifically dedi- 
cated to generating the full spectrum of 16 asynchronous! 
synchronous data communication 
frequencies for 16X 
UART/USRT devices. A large number of the frequencies 
available are also useful for 1Xand 32X ASTRO/USYNRT 
devices. 


The COM 8116/COM8136features an internal crystal oscil- 
lator which may be used to provide the master reference 
frequency. Alternatively, an external reference may be sup- 
plied by applying complementary TTL level signals to pins 
1 and 18. Parts suitable for use only with an external TTL 
reference are marked COM 8116T/COM 8136T. TTL out- 
puts used to drive the COM 8116/COM8136or COM 8116T/ 
COM 8136T XTAUEXT inputs should not be used to drive 


other TTL inputs, as noise immunity may be compromised 
due to excessive loading. 
The output of the oscillator/buffer is applied to the dividers 
for generation of the output frequencies fT, fRoThe dividers 
are capable of dividing by any integer from 6 to 2" + 1, 
inclusive. If the divisor is even, the output will be square; 
otherwise the output will be high longer than it is low by one 
Ix clock period. 


The reference frequency (Ix) is used to provide a high fre- 
quency output at fxl4 on the COM 8136/T. 
Each of the two divisor ROMs contains 16divisors, each 19 
bits wide, and is fabricated using SMC's unique CLASP~ 
technology allowing up to 32 different divisors on custom 
parts. This process permits reduction of turn-around time 
for ROM patterns. Each group of four divisor select bits is 
held in an externally strobed data latch. The strobe input is 
levelsensitive:whilethe strobe ishigh, data ispassed directly 
through to the ROM. Initiation of a new frequency iseffected' 
within 3.51J.sof a change in any of the four divisor select bits 
(strobeactivity is not required).The divisor select inputs have 
pull-Upresistors; the strobe inputs do not. 


Pin No. 
Symbol 


XTALlEXT1 


2 
Vee 


3 
fR 


4-7 
RA, R" Re, Ro 


8 
STR 


9 
NC 


10 
fx/4" 
11 
GND 


12 
STT 


13-16 
To, Te, T,. TA 


17 
fT 


18 
XTALlEXT2 


Name 


Crystal or 
External Input 1 
Power Supply 
Receiver Output 
Frequency 
Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 


No Connection 
fx/4 
Ground 
Strobe- 
Transm itter 


Transmitter- 
Divider 
Select Data Bits 
Transmitter 
Output 
Frequency 
Crystal or 
External Input 2 


Function 


This input is either one pin of the crystal package or one polarity 
of the external input. 
+5 volt supply 
This output 
runs at a frequency 
selected 
by the Receiver divisor 


select data bits. 
The logic level on these inputs, as shown in Table 1, selects 
the 


receiver output frequency, fRo 
A high level input strobe loads the receiver data (RA• R,. Re• Ro) into 
the receiver 
divisor 
select 
register. 
This input may be strobed 
or 


hard-wired to a high level. 


Y4 crystal/ clock frequency 
reference output. 


Ground 
A high level input strobe loads the transmitter 
data (TA, T,. Te• To) 


into 
the 
transmitter 
divisor 
select 
register. 
This 
input 
may be 


strobed or hard-wired to a high level. 
The logic level on these inputs, as shown in Table 1. selects the 
transmitter 
output frequency, fT' 


This input 
is either 
the other 
pin of the crystal 
package 
or the 


other polarity of the external input. 


COM 8126 
COM 8126T 
COM 8146 
COM 8146T 


Baud Rate Generator 
Programmable 
Divider 


STANDARD MICROSYSTEMS 
COR~ATION,f 


FEATURES 
o On chip crystal oscillator or external 
frequency input 
o Single + 5v power supply 
o Choice of 16 output frequencies 
016 
asynchronous/synchronous 
baud rates 
o Direct UART/USRT/ASTRO/USYNRT 
compatibility 
o High frequency reference output' 
ORe-programmable 
ROM via CLASp® 


technology allows generation of other 
frequencies 
o TTL, MOS compatibility 
o Compatible with COM 5026/COM 
5046 


XTAL/EXT1 
1 
\J 
14 tOUT 


XTAL/EXT2 
2 
13 A 


+5v 3 
12 B 


NC 4 
11 C 


GND 5 
10 0 


NC 6 
9 
ST 


NC 7 
8 
tx/4 • I 


XTALL 
CLOCK 
BUFFER 
,-------------- 
-- 
---- 
-- ---, 


I 
I 


I 
-;-4 
fx/4·1 


I 
~---------~ 
L 
~__J ~ 
A 


+5v 
GND 


The Standard Microsystem's COM 8126/COM 8146 is 
an enhanced version of the COM 5026/COM 5046 Baud 
Rate Generator. It is fabricated using SMC's patended 
COPLAMOS~ and CLASP~ technologies and employs 
depletion mode loads, allowing operation from a single 
+5v supply. 
The standard COM 8126/COM 8146 is specifically dedi- 
cated to generating the full spectrum of 16 asynchronous/ 
synchronous 
data communication 
frequencies for 16X 
UART/USRT devices. A large number of the frequencies 
available are also useful for 1X and 32X ASTRO/USYNRT 
devices. 
The COM 8126/COM 8146features an internal crystal oscil- 
lator which may be used to provide the master reference 
frequency. Alternatively, an external reference may be sup- 
plied by applying complementary TTL level signals to pins 
1 and 2. Parts suitable for use only with an external TTL ref- 
erence are marked COM 8126T/COM 81461. TTL outputs 
used to drivethe COM 8126/COM8146or COM 8126T/COM 
8146T XTALlEXT inputs should not be used to drive other 
TTL inputs, as noise immunity may be compromised due to 
excessive loading. 


The output of the oscillator/buffer is applied to the divider 
for generation of the output frequency. The divider is capa- 
ble of dividing by any integer from 6 to 2" + 1, inclusive. If 
the divisor is even, the output will be square; otherwise the 
output will be high longer than it is low byone fx clock period. 


The reference frequency (fx) is used to provide a high fre- 
quency output at fxl4 on the COM 8146/T. 


The divisor ROM contains 16 divisors, each 19 bits wide, 
and is fabricated using SMC's unique CLASP~ technology. 
This process permits reduction of turnaround time for ROM 
patterns. The four divisor select bits are held in an exter- 
nally strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly through to 
the ROM. Initiation of a new frequency is affected within 
3.5f!s of a change in any of the four divisor select bits (strobe 
activity is not required).This feature may be disabled through 
a CLASP~ programming option causing new frequency ini- 
tiationto be delayeduntilthe end ofthe currentfouT half-cycle. 
The divisor select inputs have pull-up resistors; the strobe 
input does not. 


Pin No. 
Symbol 
Name 
Function 


XTALlEXT1 
Crystal or 
This input is either one pin of the crystal 
package or one polarity 


External Input 1 
of the external input. 


2 
XTALlEXT2 
Crystal or 
This input is either the other pin of the crystal package or the other 
External Input 2 
polarity of the external input. 
3 
Vcc 
Power Supply 
+5 volt supply 


4,6,7 
NC 
No Connection 


5 
GND 
Ground 
Ground 


8 
fx/4· 
fx/4 
Y4 crystal 1clock frequency 
reference output. 


9 
ST 
Strobe 
A high level strobe loads the input data (A, B, C, D) into the input 
divisor select register. This input may be strobed or hard-wired 
to 


a high level. 


10-13 
D,C,B,A 
Divisor Select 
The logic level on these inputs as shown in Table 1, selects 
the 


Data Bits 
output frequency. 
14 
fOUT 
Output 
This output 
runs at a frequency 
selected 
by the 
divisor 
select 


Frequency 
data bits. 


ELECTRICAL CHARACTERISTICS 
COM8046, COM8046T, COM8116, COM8116T, COM8126, 
COM8126T, COM8136, COM8136T, COM8146, COM8146T 


MAXIMUM 
GUARANTEED 
RATINGS' 


Operating 
Temperature 
Range 
. . . . . . . . . . . . . . . . 
. 
O°C to + 
70°C 
Storage 
Temperature 
Range 
. . . . . . . . . . . . . . . . . . 
. 
- 55°C to + 150°C 
Lead Temperature 
(soldering. 
10 sec.) 
. . . . . . . . . . . . . . . .. .. .. .. .. . 
. 
+325°C 
Positive 
Voltage 
on any Pin. with respect 
to ground 
+ 8.0V 
Negative 
Voltage 
on any Pin. with respect 
to ground 
-0.3V 


. Stresses 
above those listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and 


functional 
operation 
of the device 
at these or at any other condition 
above those indicated 
in the operational 


sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this 
device 
from 
laboratory 
or system 
power 
supplies, 
it is important 
that 


the Absolute 
Maximum 
Ratings 
not be exceeded 
or device 
failure 
can result. 
Some 
power 
supplies 


exhibit 
voltage 
spikes 
or "glitches" 
on their 
outputs 
when 
the AC power 
is switched 
on and off. 


In addition, 
voltage 
transients 
on the AC power 
line may appear 
on the DC output. 
If this 
possibility 


exists 
it is suggested 
that a clamp 
circuit 
be used. 


ELECTRICAL 
CHARACTERISTICS 
(TA=O°C to 70°C. Vcc= 
+5V:!:5%. 
unless 
otherwise 
noted) 


Parameter 
Min. 
Typ. 
Max. 
Unit 
Comments 


D.C. CHARACTERISTICS 


INPUT 
VOLTAGE 
LEVELS 
Low-level, 
V" 
0.8 
V 
High-level, 
V'H 
2.0 
V 
excluding 
XTAL 
inputs 


OUTPUT 
VOLT AG E LEVELS 


Low-level, 
Vo, 
0.4 
V 
10l = 1.6mA, 
for fx/4, 
fo/16 
0.4 
V 
10l = 3.2mA, 
for fo, fR, fT 


0.4 
V 
10l = 0.8mA, 
for fx 


High-level, 
VOH 
3.5 
V 
10H=-100I'A; 
for f" 
IOH= -501'A 


INPUT 
CURRENT 


Low-level, 
I" 
-0.1 
mA 
V," = GND, 
excluding 
XTAL 
inputs 


INPUT 
CAPACITANCE 


All inputs, 
C." 
5 
10 
pF 
V," = GND, 
excluding 
XTAL 
inputs 
EXT 
INPUT 
LOAD 
8 
10 
Series 
7400 equivalent 
loads 
POWER 
SUPPLY 
CURRENT 


Ice 
'£0 
mA 


A.C. CHARACTERISTICS 
T.= 
+25°C 


CLOCK 
FREQUENCY, 
f," 
0.01 
7.0 
MHz 
XTAL/EXT, 
50% Duty 
Cycle 
:!:5% 


COM 
8046, 
COM 
8126, 
COM 
8146 
0.01 
5.1 
MHz 
XTAL/EXT, 
50% Duty 
Cycle 
:!:5% 


COM 
8116, COM 
8136 


STROBE 
PULSE 
WIDTH, 
tpw 
150 
DC 
ns 


INPUT 
SET-UP 
TIME 
tos 
200 
ns 


INPUT 
HOLD 
TIME 


toH 
50 
ns 


STROBE 
TO 
NEW 
FREQUENCY 
DELAY 
3.5 
I'S 
@f,=5.0MHz 


DIVISOR 
V'H 


SELECT 
DATA 


I 


Crystal Operation 
COM 8116 
COM 8136 


External Input Operation 
COM 8116/COM 
8116T 
COM 8136/COM 
8136T 


Crystal Operation 
COM 8126 
COM 8146 
COM 8046 


External Input Operation 
COM 8126/COM 
8126T 
COM 8146/COM 
8146T 
COM 8046/COM 
8046T 


For ROM re-programming 
SMC has a computer 
program 
available 
whereby 
the customer 
need only supply 
the input frequency 
and the desired 
output 
frequencies. 


The ROM programming 
is automatically 
generated. 


Crystal Specifications 


User must specify 
terminalion 
(pin, wire, other) 


Prefer: 
HC-18/U 
or HC-25/U 


Frequency 
- 
5.0688 
MHz, AT cut 


Temperature 
range O°C to 70°C 


Series 
resistance 
<50 fl 


Series 
Resonant 


Overall 
tolerance:,: 
.01 % 


or as required 


Crystal manufacturers 
(Partial List) 


Northern 
Engineering 
Laboratories 
357 
Beloit 
Street 
Burlington, 
Wisconsin 
53105 
(414) 
763-3591 


Buloya 
Frequency 
Control 
Products 
61-20 
Woodside 
Avenue 
Woodside, 
New 
York 
11377 
(212) 
335-6000 


CTS 
Knights 
Inc. 
101 East 
Church 
Street 
Sandwich, 
Illinois 
60548 
(815) 
786-8411 


Crystek 
Crystals 
Corporation 
1000 Crystal 
Drive 
Fort Myers, 
Florida 
33901 
(813) 936-2109 


STANDARD MICROSYSTEMS 
CORPORATIONAI 
COM 8116T 


Baud Rate Generator Output 
Frequency Options 


COM 8116T -013 
COM 8116T·003 
I 


CRYSTAL FREQUENCY = 2.76480 MHz 
CRYSTAL FREQUENCIES = 6.01835 MHz 


Transmit! 
Transmit! 


Receive 
Theoretical 
Actual 
Duty 
Receive 
Theoretical 
Actual 
Duty 


Address 
Baud 
Frequency 
Frequency 
Percent 
Cycle 
Address 
Baud 
Frequency 
Frequency 
Percent 
Cycle 
0 
C 
B 
A 
Rate 
16X Clock 
16X Clock 
Error 
% 
Divisor 
0 
C 
B 
A 
Rate 
16X Clock 
16X Clock 
Error 
% 
Divisor 


0 
0 
0 
0 
50 
0.8 KHz 
0.8 KHz 
0 
50/50 
3456 
0 
0 
0 
50 
0.8 KHz 
799.9Hz 
0 
50/50 
7523 
0 
0 
0 
1 
75 
1.2 
1.2 
0 
50/50 
2304 
0 
0 
0 
75 
1.2 
1200.0 
0 
50/50 
5015 


0 
0 
1 
0 
110 
1.76 
1.76 
-.006 
50/50 
1571 
0 
0 
1 
110 
1.76 
1759.7 
0 
50/50 
3420 
0 
0 
1 
1 
134.5 
2.152 
2.152 
-.019 
50/50 
1285 
0 
0 
1 
134.5 
2.152 
2151.7 
0 
50/50 
2797 


0 
1 
0 
0 
150 
2.4 
2.4 
0 
50/50 
1152 
0 
1 
0 
150 
2.4 
2399.6 
0 
50/50 
2508 
0 
1 
0 
1 
200 
3.2 
3.2 
0 
50/50 
864 
0 
1 
0 
200 
3.2 
3199.5 
0 
50/50 
1881 
0 
1 
1 
0 
300 
4.8 
4.8 
0 
50/50 
576 
0 
1 
1 
300 
4.8 
4799.3 
0 
50150 
1254 


0 
1 
1 
1 
600 
9.6 
9.6 
0 
50150 
288 
0 
1 
1 
600 
9.6 
9598.6 
0 
50/50 
627 


1 
0 
0 
0 
1200 
19.2 
19.2 
0 
50/50 
144 
1 
0 
0 
1200 
19.2 
19227.9 
+0.14 
50/50 
313 
1 
0 
0 
1 
1800 
28.8 
28.8 
0 
50/50 
96 
1 
0 
0 
1800 
28.8 
28795.9 
0 
50/50 
209 


1 
0 
1 
0 
2000 
32.0 
32.149 
+.465 
50150 
86 
1 
0 
1 
2000 
32.0 
32012.5 
0 
50/50 
188 


1 
0 
1 
1 
2400 
38.4 
38.4 
0 
50/50 
72 
1 
0 
1 
2400 
38.4 
38333.4 
-0.17 
50/50 
157 


1 
1 
0 
0 
3600 
57.6 
57.6 
0 
50/50 
48 
1 
1 
0 
3600 
57.6 
57868.7 
+0.46 
50/50 
104 


1 
1 
0 
1 
4800 
76.8 
76.8 
0 
50/50 
36 
1 
1 
0 
4800 
76.8 
77158.3 
+0.46 
50/50 
78 
1 
1 
1 
0 
9600 
153.6 
153.6 
0 
50/50 
18 
1 
1 
1 
9600 
153.6 
154316.6 
+0.46 
50/50 
39 


1 
1 
1 
1 
19,200 
307.2 
307.2 
0 
44/56 
9 
1 
1 
1 
19,200 
307.2 
300917.5 
2.04 
50/50 
20 


COM 8116T-013A 
CRYSTAL FREQUENCY -5.52960 
MHz 


Transmit! 
Receive 
Theoretical 
Actual 
Duty 
Address 
Baud 
Frequency 
Frequency 
Percent 
Cycle 
0 
C 
B 
A 
Rate 
16X Clock 
16X Clock 
Error 
% 
Divisor 


0 
0 
0 
0 
100 
1.6 KHz 
1.6 KHz 
0 
50/50 
3456 
0 
0 
0 
1 
150 
2.4 
2.4 
0 
50/50 
2304 
0 
0 
1 
0 
220 
3.52 
3.5197 
-.006 
50/50 
1571 


0 
0 
1 
1 
269 
4.304 
4.3032 
-.019 
50/50 
1285 
0 
1 
0 
0 
300 
4.8 
4.8 
0 
50/50 
1152 
0 
1 
0 
1 
400 
6.4 
6.4 
0 
5050 
864 
0 
1 
1 
0 
600 
9.6 
9.6 
0 
50/50 
576 
0 
1 
1 
1 
1200 
19.2 
19.2 
0 
50/50 
288 
1 
0 
0 
0 
2400 
38.4 
38.4 
0 
50/50 
144 
1 
0 
0 
1 
3600 
57.6 
57.6 
0 
50/50 
96 
1 
0 
1 
0 
4000 
64.0 
64.298 
+.466 
50150 
86 
1 
0 
1 
1 
4800 
76.8 
76.8 
0 
50/50 
72 
1 
1 
0 
0 
7200 
115.2 
115.2 
0 
50/50 
48 
1 
1 
0 
1 
9600 
153.6 
153.6 
0 
50/50 
36 
1 
1 
1 
0 
19,200 
307.2 
307.2 
0 
5050 
18 
1 
1 
1 
1 
38,400 
614.8 
614.8 
0 
44/56 
9 


RCP 
RSI 
f, 


COM 8017 
DUAL 
COM 2017 
BAUD RATE GENERATOR 
UART 


Ir 


TSO 
TCP 


R. 


R, 


BA 
R 


COM 1671 
ASTRO 


BB 


DB 


XTAL 
D 


STAN~D 
MICROSVSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


CORPOR 1\,""",1 1••••• applications: consequently complete information sufficient for construction purposes is not necessarily given. 


1"'\1 IVI", 
The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
• 
• 
.~,.,_ -r.:~m",g assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 
- 
- 
'"''"",•. ~.".n>_semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 


286 


COM 8156 
COM 8156T 


PRELIMINARY 


Dual Baud Rate Generator 
Programmable Divider 


FEATURES 
o On chip crystal oscillator or external frequency 
input 


o High crystal/clock 
frequency 
operation 


o Choice of 2 x 16 output frequencies 
o 16 asynchronous/synchronous 
baud rates 


o High frequency 
reference 
outputs 


o Direct UART/USRT/ASTRO/USYNRT 
compatibility 


o Full duplex communication 
capability 


ON-channel 
silicon gate technology 


o Single + 5v power supply 
o TTL, MOS compatibility 


ORe-programmable 
ROM technology 
allows generation 


of other frequencies 


Rb 


Rc 


Rd 


STR 


XTAL, 


10/4 


GND 


STT 


Td 


1 
18 


2 
17 


3 
16 


4 
15 


5 
14 


6 
13 


7 
12 


8 
11 
9 
10 


Ra I 


IA 


Vcc 


XTAL, 


10 


IT 


Ta 


Tb 


Tc 


T. 
Tb 
T, 
T, 


BUFFER 
h 
XTAU 
0 
EXT1 
S 
C 
fo 
I 
L 
L 


fo"- 
4 


A 
T0 


XTAU 
R 


fR 
EXT2 
BUFFER 


+5V~ 
GlND 


The Standard 
Microsystem's 
COM8156 is a dual baud rate 


generator that operates at twice the crystal/clock 
frequency 


of the COM8116/36, 
It is fabricated 
using SMC's patented 


COPLAMOS 
,. technology 
and employs 
depletion 
mode 


loads allowing operation 
from a single + 5V supply, 


The standard 
COM8156 
is specifically 
dedicated 
to gen- 


erating the full spectrum 
of 16 asynchronous/synchronous 


data 
communication 
frequencies 
for 16X UART/USRT 


devices, 
A large number of the frequencies 
available 
are 


also useful for 1X and 32X ASTRO/USYNRT 
devices. 


The COM8156 
features 
an internal crystal oscillator which 


may be used to provide 
the master 
reference 
frequency. 


Alternatively. 
an external 
reference 
may be supplied 
by 


applying complementary 
TTL level signals to pins 1 and 9 . 


Parts suitable 
for use only with an external TTL reference 


are marked 
COM 81561. TTL outputs 
used to drive the 


COM8156 
or COM8156T 
XTAUEXT 
inputs should not be 


used to drive other TTL inputs. as noise immunity 
may be 


compromised 
due to excessive 
loading. 


The output of the oscillator/buffer 
is applied to the dividers 


for generation 
of the output frequencies 
fT. fA' The dividers 


are capable of dividing by an integer from 6to 2'9 + 1. inclu- 
sive. If the divisor is even, the output will be square; other- 
wise the output 
will be high longer that it is low by one fo 


clock period. 


The crystal frequency is divided by two to give (fo) and again 
by four to give (fo/4). The transmit 
(fT) and receive (fA) fre- 


quencies are obtained by dividing (fo) by N. Up to 32 differ- 
ent divisors can be mask-programmed 
on custom parts to 


accommodate 
different 
crystal 
frequencies 
and divider 


schemes. 
Each group of four divisor select bits is held in an 


externally 
strobed data latch. The strobe input is level sen- 


sitive: while the strobe is high. data is passed directly through 
to the ROM. Initiation of a new frequency 
is effected within 


3.5us of a change in any of the four divisor select bits (strobe 
activity is not required). The divisor select bits (strobe activ- 
ity is not required). The divisor select inputs and the strobe 
inputs have pull-up resistors. 


PIN NO. 
SYMBOL 
NAME 
FUNCTION 


15 
XTAUEXT 
1 
Crvstal 
This input receives one pin of the crvstal packaae. 


16 
Vcc 
Power Supply 
+ 5 Volt Supply. 


17 
fA 
Receiver Output 
This output runs at a frequency 
selected 
by the Receiver 


Address Inputs. 


18 
R.Rb 
Re• Rd 
Receiver 
The logic level on these inputs as shown in Table 1. selects 
1-3 
Divisor Select 
the receiver output frequency. fA' 


Address 


4 
STR 
Strobe-Receiver 
A high-level input strobe loads the receiver address (R•• Rb• 


Address 
Re• Rd) into the receiver address register. This input may be 
strobed or hard wired to + 5V. 


5 
XTAUEXT2 
Crystal 
This input receives one pin of the crystal oackaae. 


6 
fO/4 
Oscillator 
This output runs at a frequency 
selected 
by the crystal 
-7 8. 


Output 


7 
GND 
Ground 
Ground 


8 
STT 
Strobe-Transmitter 
A high-level input strobe loads the transmitter 
address (T••. 


Address 
Tb• Te, Td) into the transmitter 
address register. This input 


mav be strobed or hard wired to + 5V. 


9-12 
Td Te• Tb T. 
Transmitter 
The logic level on these inputs. as shown in Table 1, selects 


Divisor Select 
the transmitter 
output frequency, 
fT' 


Address 


13 
fT 
Transmitter 
This output runs at a frequency 
selected 
by the Transmitter 


Output Freauencv 
Address inputs. 


14 
fo 
Oscillator 
This output runs at a frequency 
selected 
by the crystal-7 
2. 


Output Freauency 


MAXIMUM 
GUARANTEED 
RATINGS· 


Operating 
Temperature 
Range 
.......................•........................•..•.................. 
O°C to + 70°C 
Storage 
Temperature 
Range 
...............................•..................................... 
- 55° to + 150°C 
Lead Temperature 
(soldering, 
10 sec.) 
+ 325°C 


Positive 
Voltage 
on any Pin, with respect 
to ground 
+ 8.0V 


Negative 
Voltage 
on any Pin, with respect 
to ground 
- 0.3V 


'Stresses 
above 
those 
listed 
may cause 
permanent 
damage 
to the device. 
This 
is a stress 
rating 
only 
and functional 
operation 
of the device 
at these or at any other condition 
above those indicated 
in the operational 
sections 
of this speci- 
fication 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 


Ratings 
not be exceeded 
or device 
failure 
can result. 
Some 
power supplies 
exhibit 
voltage 
spikes 
or "giitches" 
on their 
outputs 
when the AC power is switched 
on and off. In addition, 
voltage 
transients 
on the AC power line may appear 
on the 


DC output. 
If this possibility 
exists it is suggested 
that a clamp 
circuit be used. 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


DC CHARACTERISTICS 
INPUT 
VOLTAGE 
LEVELS 
Low Level VIL 
0.8 
V 
HiQh Level V'H 
2.0 
V 
excludinQ 
XTAL inputs 


OUTPUT 
VOLTAGE 
LEVELS 
Low Level VOL 
0.4 
V 
10L= 1.6 mA, for fo• 


0.4 
V 
lOlL = 3.2 mA, for fR, fT 


High Level VOH 
0.5 
V 
10L= 3.2 mA, for fo 


2.4 
V 
10H= -100 
IJ.A 


INPUT 
CURRENT 
Low-level, 
III 
-0.1 
mA 
V,N = GND, excluding 
XTAL inputs 


INPUT 
CAPACITANCE 


All inputs, 
C,N 
5 
10 
pF 
V,N = GND, excluding 
XTAL inputs 


EXT INPUT 
LOAD 
8 
10 
Series 
7400 equivalent 
loads 


POWER 
SUPPLY 
CURRENT 


lee 
60 
mA 


AC CHARACTERISTICS 
CLOCK 
FREQUENCY, 
fiN 
5.0 
11.0 
MHz 
XTAUEXT, 
50% Duty Cycle ± 5% 


STROBE 
PULSE 
WIDTH, 
tpw 
150 
DC 
ns 


INPUT 
SET-UP 
TIME 


tos 
50 
ns 


INPUT 
HOLD 
TIME 
TOH 
50 
ns 


STROBE 
TO NEW 
FREQ. 
DELAY 
3.5 
IJ.s 


OUTPUT 
CLOCKS 
DUTY 
CYCLE 


fo 
40 
60 
% 
@ 1.5V LEVEL 


fo• 
45 
55 
% 
@ 1.5VLEVEL 


fR, fT 
48 
52 
% 
@ 1.5VLEVEL 


CRYSTAL 
CHARACTERISTICS 
Series 
Crystal 
Resistance 
30 
70 
@ Resonance 


Crystal 
Shunt Capacitance 
2 
5 
10 
pf 


I 


DIVISOR 
SELECT 
DATA 


COM8156/COM8156T 
(16Xclock) 
COM8156-005/COM8156T-005 
(16Xclock) 


CRYSTAL 
FREQUENCY 
= 10.1376 MHz 
CRYSTAL 
FREQUENCY 
= 9.8304 
MHz 
Tr'mitiRecelve 
Theoretical 
Actual 
Duty 
Tr'mitiRecelve 
Theoretical 
Actual 
Duty 
Address 
Baud 
Frequency 
Frequency 
Percent 
Cycle 
Address 
Baud 
Frequency 
Frequency 
Percent 
Cycle 
D 
C 
B 
A 
Rate 
16XCIock 
16XCIock 
Error 
% 
Divisor 
D 
C 
B 
A 
Rate 
16XCIock 
16XClock 
Error 
% 
Divisor 


0 
0 
0 
0 
50 
0.8 KHz 
0.8 KHz - 
50/50 
6336 
0 
0 
0 
0 
50 
0.8 KHz 
0.8 KHz - 
50/50 
6144 
0 
0 
0 
1 
75 
1.2 
1.2 
50/50 
4224 
0 
0 
0 
1 
75 
1.2 
1.2 
50/50 
4096 
0 
0 
1 
0 
110 
1.76 
1.76 
50/50 
2880 
0 
0 
1 
0 
110 
1.76 
1.7589 
-0.01 
2793 
0 
0 
1 
1 
134.5 
2.152 
2.1523 
0.016 
50/50 
2355 
0 
0 
1 
1 
134.5 
2.152 
2.152 
50/50 
2284 
0 
1 
0 
0 
150 
2.4 
2.4 
50/50 
2112 
0 
1 
0 
0 
150 
2.4 
2.4 
50/50 
2048 


0 
1 
0 
1 
300 
4.8 
4.8 
50/50 
1056 
0 
1 
0 
1 
300 
4.8 
4.8 
50/50 
1024 
0 
1 
1 
0 
600 
9.6 
9.6 
50/50 
528 
0 
1 
1 
0 
600 
9.6 
9.6 
50/50 
512 
0 
1 
1 
1 1200 
19.2 
19.2 
50/50 
264 
0 
1 
1 
1 1200 
19.2 
19.2 
50/50 
256 


1 
0 
0 
0 1800 
28.8 
28.8 
50/50 
176 
1 
0 
0 
o 1800 
28.8 
28.7438 
-0.19 
171 
1 
0 
0 
1 2000 
32.0 
32.081 
0.253 
50/50 
158 
1 
0 
0 
1 2000 
32.0 
31.9168 
-0.2650/50 
154 


1 
0 
1 
o 2400 
38.4 
38.4 
50/50 
132 
1 
0 
1 
o 2400 
38.4 
38.4 
50/50 
128 


1 
0 
1 
1 3600 
57.6 
57.6 
50/50 
88 
1 
0 
1 
1 3600 
57.6 
57.8258 
0.39 
85 
1 
1 
0 
o 4800 
76.8 
76.8 
50/50 
66 
1 
1 
0 
o 4800 
76.8 
76.8 
50/50 
64 
1 
1 
0 
1 7200 
115.2 
115.2 
50/50 
44 
1 
1 
0 
1 7200 
115.2 
114.306 
-0.77 
43 
1 
1 
1 
o 9600 
153.6 
153.6 
48/52 
33 
1 
1 
1 
o 9600 
153.6 
153.6 
50/50 
32 


1 
1 
1 
1 19.200 
307.2 
316.8 
3.125 
50/50 
16 
1 
1 
1 
1 19.200 
307.2 
307.2 
50/50 
16 


For ROM re-programming 
SMC has a computer 
program 
available 
whereby 
the customer 
need only supply 
the input frequency 
and the desired 
output frequencies. 


The ROM programming 
is automatically 
generated. 


Crystal Specifications 
User must specify 
termination 
(pin, wire, other) 
Prefer: 
HC-18/U 
or HC-25/U 
Frequency: 
10.1376 MHz, AT cut 
Temperature 
range O°C to 70°C 
Series 
resistance 
<50 n 


Series 
Resonant 
Overall tolerance 
± .01% 


or as required 


STANDARD MICROSYSTEMS 
CORPORATIONtI!" ••..••.•._.,,'" 


(~1fiI273·310l1 
TWX·~.).l27·ll8llll 


Crystal manufacturers 
(Partial List) 


Northern 
Engineering 
Laboratories 
357 Beloit Street 
Burlington, 
Wisconsin 
53105 
(414) 763-3591 
Bulova 
Frequency 
Control 
Products 
61-20 Woodside 
Avenue 
Woodside, 
New York 11377 
(212) 335-6000 


CTS Knights 
Inc. 
101 East Church 
Street 
Sandwich, 
Illinois 60548 
(815) 786-8411 
Crystek 
Crystals 
Corporation 
1000 Crystal 
Drive 
Fort Myers, 
Florida 33901 
(813) 936-2109 


Circuit diagrams utilizing 
SMC products 
are included as a means of illustrating 
typical semiconductor 
applica- 


tions; 
con$equently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 


information 
has been carefully 
checked 
and is believed to be entirely 
reliable. However, no responsibility 
is 


assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor 


devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product 
possible. 


STANDARD MICROSYSTEMS 
CORPORATIONjE 
U 
COM81C66 
COM81C67 
COM81C68 
PRELIMINARY 


Universal Rate Generator and Timer 


FEATURES 
o Three independent 
20 bit programmable 
counters 
o All counters 
are cascadeable 
o Clock input up to 16 MHz 
o Square wave, pulse, one shot modes of operation 
o Input clock prescalers 
divide by 2, 32, or 64 
o Low power CMOS 
08 and 16 D.l.P. packages 
o Crystal or TTL frequency 
source 
o Single +5 Volt power supply 


DO 
01 
02 
es 
RATE1 
03 
04 
GNO 


Vcc 
XTAl1 
XTAl2 
RATE3 
RATE2 
07 
06 
05 I 


GENERAL 
DESCRIPTION 


The 
TIMER 
chip 
is a device 
designed 
to provide 
a 
convenient 
and 
inexpensive 
solution 
to applications 
requiring programmable 
multiple clock divider sources. The 
source frequency can be either an internal crystal controlled 
oscillator, or an external TTL signal. The TIMER consists of a 
data input portion, a register 
addressing 
block and three 
counter blocks. 


The 
Counter 
blocks 
are 
accessed 
and 
programmed 
independently 
and they can be configured 
to operate 
in 
various modes simultaneously. 
The TIMER chip serves 
a broad range of applications 
some of which 
are: programmable 
rate generation, 
pulse 
generation, 
motor 
control, 
real 
time 
clock, 
interrupt 
applications 
and others. 


DaDa 
Vcc 
es 
2 
7 
XTAl1 
RATE1 
3 
6 
XTAl2 
GNO 
4 
5 
RATE2 
DaDa 
Vcc 
es 
2 
7 
elK 
RATE1 
3 
6 
RATE3 
GNO 
4 
5 
RATE2 


The COM81 C67 and COM81 C68 are two eight pin versions of the TIMER chip. The COM81 C68 is a TIL 
clock input 


only and the COM81 C67 is a crystal oscillator pin connection. 


PIN NO. 


81C68 
81C67 
SYMBOL 
TYPE 
NAME AND FUNCTION 


1 
1 
DO 
I 
DATA BUS-This 
input only pin is used to program and initialize the Timer. 


3 
3 
RATE1 
0 
RATE OUTPUT-These 
outputs will supply the programmable 
rate outputs 
5 
5 
RATE2 
according 
to the mode and preload on the specified Timer Block. 


6 
RATE3 


2 
2 
CHIP SELECT -A 
low level on this input enables the processor 
to write to the 


CS 
I 
TIMER. When CS is high, the Data input pin is high impedance. 


- 
7,6 
XTAL1 
CRYSTAL-An 
external crystal is connected 
to these pins on the COM81C67. 


XTAL2 
I 
An eX1ernal TIL 
clock can be used on pin 7. Pin 8 must be left floating open. 


7 
- 
CLK 
I 
CLOCK- 
This is a TIL 
clock input used as the main clock for the COM81 C68. 


8 
8 
VCC 
I 
POWER- 
This is a +5V power supply. 


4 
4 
GND 
- 
GROUND 


The COM81 C66 is a siX1een pin version with an internal crystal oscillator. 


PIN NO. 
SIGNAL 
TYPE 
NAME AND FUNCTION 
81C66 


1-3 
DATA BUS-The 
Timer is programmed 
by write operations 
via the Data Bus. 
6,7 
00-07 
I 


9-11 


5 
RATE1 
RATE OUTPUT-This 
output will supply the programmable 
rate output according 
to 
12 
RATE2 
0 
the mode and preload on the specified Timer Block. 
13 
RATE3 


4 
CHIP SELECT -A 
low level on this input enables the processor 
to write to the 
CS 
I 
TIMER. When CS the Data input(s) are don't cares. 


15 
XTAL1 
I 
CRYSTAL-An 
external crystal is connected 
to these pins on the COM81 C66. An 
14 
XTAL2 
external TIL 
clock can be l!sed on XTAL 1. 


16 
VCC 
- 
POWER- 
There is a +5V power supply. 


8 
GND 
- 
GROUND 


STANDARD 
MICROSYSTEMS 
Circuit diagrams utilizing SMC products are included as a means ot Illustrating typical semiconductor appli- 
CX)RPORATION 
cations: consequently complete information sufficient for construction purposes is not necessarily given. The 
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Display Products 


TIMING 
CONTROLLERS 
Part 
Display 
Max 
Power 
Dumber 
Description 
Features 
Format 
Clock 
Supplies 
Package 
Page 
CRT 5027 
PrMrammable 
4MHz 
+5 
+ 12 
40 DIP 
295-296 
CRT5037 
Provides all of the 
Balanced beam lnterlace 
Prop:rammable 
4MHz 
+5, + 12 
40 DIP 
295-296 
CRT5047 
timing and control for 
Fixed format 
80 column 
lnterlaced 
and non- 
24 row 
4MHZ 
+5, +12 
40 DIP 
297-298 
lnterlaced 
CRTdisplay 
CRT5057 
Line-lock 
Proltrammable 
4MHz 
+5, +12 
40 DIP 
295-296 
CRT7220A, 
Graphics 
Displa;y 
Intelligent 
graphics 
1024 x 1024 Pixel 
6,7,8 
+5 
40 DIP 
299-322 
-1 
-2 
Controller 
displa.v controller 
MHz 
CRT9007A2 
CRTvideo processor 
Sequential or row- 
Programmable 
A2-6.5MHz 
A1,A,B,C 
and controller 
table driven memory 
A1-5.0MHz 
programmable 
DMA 
A-3.7MHz 
+5 
40 DIP 
335-356 
B-3.33MHz 
C-2.5MHz 
CRT97Cll 
3rd generation 
CRT 
Control ofwlndow 
size 
Up to 16K pixels 
controller 
which 
and position, wlndow 
vertical and 1KxN 
allows manipulation 
attributes, 
prog curSO!; 
eN = display 
TBD 
+5 
68PLCC 
433-452 
oflndependent 
wln- 
max of 127 wlndows, 
memorywidth)ln 
dowareas 
on screen 
DRAM refresh 
horiZontal pixels 
I 


Part 
Display 
Max 
Power 
Dumber 
Description 
Features 
Format 
~tributes 
Clock 
Supply 
PackUe 
Page 
CRT90281 
Mask pro- 
'lll.ggedattri- 
14MHz 
9128" 
grammable, 
butes: reverse 


Complete CRTvideo 
5x8charac- 
video, blank, 
ter font, 8x12 
bllnk, under- 
369-384 
processor 
and control- 
character 
cell. line, lntensity 
Isr. Display and attri- 
Separate displa;y 
and wide/thln 
bute control for 
memory el1mlnates 
graphics. 
CRT90531 
alphanumeric 
and 
contention, 
smooth 
Mask pro- 
Embedded or 
18.7MHz 
+5 
40 DIP 
graphics 
display. Two 
scroll, status row; 
9153(1 
types ofprocessor 
on-board clock, and 
grammable, 
tagged attri- 
lnterface 
Signals 
video shift register. 
7xll 
charac- 
butes: reverse 
differentiate 
the 
ter font, 9x13 
video, blank, 
401-416 
two parts. 
character 
cell. blink, under- 
Ilne,lntensity 
and wide/thln 
p:raphics. 
CRT92C07 
Complete t1mlng and 
Double speed 
Register pro- 
Tagged, 


attributes 
controller. 
architscture 
and 
grammable, 
embedded or 
Uses external 
charac- 
separate 
displa;y 
maximum 
parallsl 
attri- 
ter generator. 
memory bus elimi- 
12x16 
butes: reverse 
nates memory con- 
character 
video, blank, 
42 MHz 
+5 
84PLCC 
417-420 
tention. Multiple 
cell. 
blink, under- 
smooth scroll 
line, DHlDW, 
regions on screen. 
protected 
fleld. lntensitv. 


Display Products CONT. 


VDAC'· DISPLB 
CONTROLLERS 
Part 
Max 
Power 
Number 
Description 
Display 
Attributes 
Clock 
Supplies 
Package 
Page 


CRT8002H 
Provides complete 
7x11 dot matrix, 
Reverse video 
25 MHz 
325-326 
display and attri- 
wide graphics, 
blank 


CRT8002A(l.31 
butes control for 
thin graphics, 
blink 
20 MHz 
323-324 
alphanumeric 
and 
on-chip cursor 
underline 
graphic displ8¥- 
strike-thru 
+5 
28 DIP 
Consists of 7 x 11 x 128 
CRT8002B(l,3' 
character 
generato!; 
15 MHz 
323-324 
video shift register 
latches, graphics 
and 


CRT8002C(C31 
attributes 
circuits. 
10 MHz 
323-324 


Part 
Max 
Power 


Number 
Description 
Display 
Attributes 
Clock 
Supply 
Packall:e 
Pall:e 


CRT8021 
Provides attributes 
Alphanumeric, 
wide 
Revllrse video, 


and graphics 
control 
graphics, thin graphics, 
blank, blink 
20 MHz 
+6 
28 DIP 
327-328 
for CRTvideo 
on-chip cursor 
underline, 


displaYS 
strike-thru 


CRT9021B 
Provides attributes 
Alphanumeric, 
wide 
Reverse video, 


and graphics 
control 
graphics, thin graphics, 
blank, blink 
28.6 MHz 
+5 
28 DIP 
367-368 
for CRTvideo 
on -chip curSO!;double 
underline, 
displays 
height 
double width 
inteneity 


CRT904lA,B,C 
Provides attributes 
and 
Alphanumeric, 
wide 
Reverse video, 


graphics 
control for CRT and thin graphics, 4 
blink, blank, 
A-33 MHz 
video displays. Full 
cursormodes,double 
underline, 
4 
B-30MHz 
+5 
40 DIP 
386-400 
VT1004Pand VT2204P 
heightlwidth, 
12 bit 
intensity 
levels 
C-28.5MHz 
compatible 
shift reltister 


ROW BUFFER 
Part 
Max 
Number 
on 
llowLe 


CRT9006·83 
83 characters 
+6 
24 DIP 
329·334 
CRT9006-136 
136 characters 


CRT9212 
136 characters 
+5 
28 DIP 
421·426 


CRT94C12 
136 characters 
+6 
40 DIP 
427-432 


CRT 5027 
CRT 5037 
CRT 5057 


CRT Video Timer and Controller 
VTAC® 


FEATURES 
o Fully 
Programmable 
Display 
Format 
Characters 
per data 
row (1-200) 


Data 
rows 
per frame 
(1-64) 


Raster 
scans 
per data 
row (1-16) 
o Programmable 
Monitor 
Sync 
Format 
Raster 
Scans/ 
Frame 
(256-1023) 


"Front 
Porch" 


Sync Width 
"Back 
Porch" 


Interlace/ 
Non-I nterlace 


Vertical 
Blanking 
o Lock 
Line Input 
(CRT 5057) 
o Direct 
Outputs 
to CRT Monitor 
Horizontal 
Sync 
Vertical 
Sync 


Composite 
Sync 
(CRT 5027, CRT 5037) 


Blanking 
Cursor 
coincidence 
o Programmed 
via: 


Processor 
data 
bus 


External 
PROM 


Mask'Option 
ROM 
o Standard 
or Non-Standard 
CRT Monitor 
Compatible 
o Refresh 
Rate: 60Hz, 50Hz, .. 
o Scrolling 
Single 
Line 


Multi-Line 
o Cursor 
Position 
Registers 
o Character 
Format: 
5x7, 7x9, ... 
o Programmable 
Vertical 
Data Positioning 
o Balanced 
Beam 
Current 
Interlace 
(CRT 5037) 
o Graphics 
Compatible 


A2 
A1 


A3 
A0 


CS 
H0 
R3 
H1 
R2 
H2 


GND 
H3 


R1 
H4 


R0 
HS 


Os 
H6 


LLl/CSYN 
H?/DRS 


VSYN 
DR4 


DCC 
DR3 
VDD 
DR2 


Vcc 
DR1 
HSYN. 
DR0 


CRY 
OB¢ 


BL 
DB' 
DB? 
DB2 
DB6 
DB3 
DBS 
DB4 


PACKAGE: 40-Pin D.I.P. 


o Split-Screen 
Applications 


Horizontal 
Vertical 
o Interlace 
or Non-Interlace 
operation 
o TTL Compatibility 
o BUS Oriented 
o High Speed 
Operation 
o COPLAMOS' 
N-Channel 
Silicon 
Gate Technology 
o Compatible 
with 
CRT 8002 VDACTM 
o Compatible 
with 
CRT 7004 
I 


GENERAL 
DESCRIPTION 


The CRT Video Timer 
and Controller 
Chip (VTAC)® 
isa user programmable40-pin 
COPLAMOS® 
nchannel 
MOS/LSI 


device 
containing 
the logic 
functions 
required 
to generate 
all the timing 
signals 
for the presentation 
and 
formatting 
of 
interlaced 
and non-interlaced 
video data on a standard 
or non-standard 
CRT monitor. 


With 
the exception 
of the dot counter, 
which 
may be clocked 
at a video 
frequency 
above 
25 MHz and therefore 
not 


recommended 
for MOS implementation, 
all frame formatting, 
such as horizontal, 
vertical, 
and composite 
sync, characters 
per data row, data rows per frame, 
and raster scans per data row and per frame are totally 
user programmable. 
The data row 


counter 
has been designed 
to facilitate 
scrolling. 


Programming 
is effected 
by loading 
seven 8 bit control 
registers 
directly 
off an8 bit bidirectional 
data bus. Fourregister 


address 
lines and achip 
select line provide 
complete 
microprocessor 
compatibility 
for program 
controlled 
setup. Thedevice 


can be "self loaded" 
via an external 
PROM tied onthedata 
bus as described 
intheOPERATION 
section. 
Formatting 
can also 
be programmed 
by a single 
mask option. 
In addition 
to the seven control 
registers 
two additional 
registers 
are provided 
to store the cursor 
character 
and data 
row addresses 
for generation 
of the cursor 
video signal. 
The contents 
of these two registers 
can also be read out onto the 
bus for update 
by the program. 


Three 
versions 
of the VTAC® 
are available. 
The 
CRT 5027 
provides 
non-interlaced 
operation 
with 
an even or odd 
number 
of scan lines per data row, or interlaced 
operation 
with an even number 
of scan lines per data row. TheCRT5037 
may be programmed 
for an odd or even number 
of scan lines per data row in both 
interlaced 
and non-interlaced 
modes. 


Programming 
the CRT 5037 for an odd number 
of scan lines per data row eliminates 
character 
distortion 
caused 
by the 
uneven 
beam 
current 
normally 
associated 
with 
odd field/even 
field 
interlacing 
of alphanumeric 
displays. 


The 
CRT 5057 
provides 
the ability 
to lock 
a CRT's 
vertical 
refresh 
rate, as controlled 
by the VTAC's® 
vertical 
sync 


pulse, 
to the 50 Hz or 60 Hz line frequency 
thereby 
eliminating 
the so called 
"swim" 
phenomenon. 
This 
is particularly 
well 
suited 
for 
European 
system 
requirements. 
The line frequency 
waveform, 
processed 
to conform 
to the VTAC's® 


specified 
logic 
levels, 
is applied 
to the line lock 
input. 
The VTAC® 
will 
inhibit 
generation 
of vertical 
sync 
until 
a zero to 
one transition 
on this 
input 
is detected. 
The vertical 
sync 
pulse 
is then 
initiated 
within 
one scan line after this transition 


rises above 
the logic 
threshold 
of the VTAC.® 


To provide 
the pin required 
for the line lock input, 
the composite 
sync output 
is not provided 
in 'the CRT 5057. 
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STANDARD MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
fRiiPORiifi.ir1ONii~~!~!~! 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 
a 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 
U"••",••,,'~'IiI'~" ",. 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 
• "", ",,,~. 
""".. 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD 
MICROSYSTEMS 
CORPORATION4 
CRT 5047 


Preprogrammed 
CRT Video Timer and Controller 
VTAC® 


FEATURES 
o Preprogrammed 
(Mask-Programmed) 
Display Format 
80 Characters Per Data Row 
24 Data Rows Per Frame 
9 Scan Lines Per Data Row 
o Preprogrammed 
Monitor Sync Format 
262 Scan Lines Per Frame 
6 Character Times for Horizontal Front Porch 
8 Character Times for Horizontal Sync Width 
6 Character Times for Horizontal Back Porch 
16 Scan Lines for Vertical Front Porch 
3 Scan Lines for Vertical Sync Width 
27 Scan Lines for Vertical Back Porch 
Non-I nterlace 
15.720KHz Horizontal Scan Rate 
60Hz Frame Refresh Rate 
o Fixed Character Rate 
1.572MHz Character Rate (636.13ns/Character) 
11.004MHz Dot Rate (90.88ns/Dot) for 7 Dot 
Wide Character Block 
o Character Format 
5 X 7 Character in a 7 X 9 Block 
o Compatible 
with CRT 8002B-003 VDAC™ 
o Compatible 
with CRT 7004B-003 
o May be mask-programmed 
with other display formats 


A2 


A3 
cs 


A3 


A2 
GND 


A' 
AO~ 


CSYN 


VSYN 
DCC 


Voo 


Vcc 


H8YN 


CAV 


BL 


DB? 


DB6 


DBS 
I 


Al 


AO 


HO 
H' 
H2 


H3 


H4 


HS 


H6 


H7/DA5 


DA4 


DA3 


DA2 


DAl 


DAO 


DB. 
DB' 


DB2 


DB3 


DB4 


The two 
chip 
combination 
of SMC's 
CRT 5047 and 
CRT 8002B-003 effectively 
provide all of the video elec- 


tronics 
for a CRT terminal. 
This chip set along with a 
JiC form 
the 
basis 
for 
a minimum 
chip 
count 
CRT 
terminal. 


The CRT 5047 Video Timer and Controller 
is a special 
version of the CRT 5037 VTAC® which has been ROM- 
programmed 
with a fixed format. It is especially effective 
for low-cost 
CRT terminals 
using an 80 X 24 display 
format with a 5 X 7 character 
matrix. The use of a fixed 
ROM program 
in the CRT 5047 eliminates the software 
overhead 
normally 
required 
to specify 
the display 
parameters and simplifies terminal software design. 


The Cursor Character Address Register and the Cursor 
Row Address Register are the only two registers acces- 


sible by the processor. The CRT 5047 is easily initialized 
by the following 
sequence of commands: 


The parameters of the CRT 5047 have been selected to 
be compatible 
with most CRT monitors. The horizontal 
timing 
is programmed 
so that when the two character 
skew delay of the CRT 8002 VDAC™is taken into account, 
the effective 
timing 
is: Horizontal 
Front 
Porch -four 
characters, and Horizontal Back Porch-eight 
characters. 


Figure 1 shows the contents 
of the internal 
CRT 5047 
registers. Other mask-programmed 
versions of the CRT 
5037 are available. Consult 
SMC for more information. 


STAN~D 
MICROSVSTEMS 
Circuit diagrams 
utilizing 
SMC products 
are included as a means of illustrating 
typical semiconductor 
CORPOR 
ATll"\AI 
•••••• 
i applications: consequently complete information sufficient for construction purposes is not necessarily given. 


1"\1 1Vl •••, 
The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


,,_ 
•••_,,"'" 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of Ihe 
".•m·".,·"",. m_ 
semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 
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CRT 7220A-2 


High-Performance 
Graphics Display Controller 


FEATURES 
o Microprocesser 
Interface 
DMA transfers 
with 8257- or 8237-type 
controllers 
FIFO Command 
Buffering 
o Display Memory 
Interface 
Up to 256K words of 16 bits 
Read-Modify-Write 
(RMW) Display Memory cycles 


as fast as 500ns 
Dynamic 
RAM refresh cycles for nonaccessed 
memory 
o Light Pen Input 
o External video synchronization 
mode 
o Graphics 
Mode 
Four megabit, 
bit-mapped 
display memory 
o Character 
Mode 


8K character 
code and attributes 
display memory 
o Mixed Graphics 
and Character 
Mode 


64K if all characters 
1 megapixel 
if all graphics 
o Graphics 
Capabilities 


Figure drawing of lines, arc/circles, 
rectangles, 
and 


graphics characters 
in 500ns per pixel 
Display 1024-by-1 024 pixels with 4 planes of color 
or grayscale 
Two independently 
scrollable 
areas 
o Character 
Capabilities 


Auto cursor advance 
Four independently 
scrollable 
areas 


Programmable 
cursor height 


Characters 
per row: up to 256 


Character 
rows per screen: 
up to 100 


2xWCLK 
1 
40 vcc 


lmiN 
2 
39 
A17 


HSYNC 
3 
38 Al6 


VlEXT SYNC 
4 
37 AD15 


BLANK 
5 
36 
AD14 


ALE 
6 
35 
AD13 


ORO 
7 
34 
AD12 


!JACK 
8 
33 
A011 


lID 
9 
32 
AD10 


WR 
10 
31 
AD9 


AO 
11 
30 
AD8 


DBO 
12 
29 
AD7 I 


DB1 
13 
28 
AD6 


DB2 
14 
27 
AD5 


DB3 
15' 
26 
AD4 


DB4 
16 
25 
AD3 


DB5 
17 
24 
AD2 


DB6 
18 
23 
ADl 


DB7 
19 
22 
ADO 


GND 
20 
21 
LPEN/DH 


o Video Display Format 
Zoom magnification 
factors of 1 to 16 
Panning 
Command-settable 
video raster parameters 
o Technology 
o Single + 5 volt Power Supply 
o COPLAMOS® 
n-Channel 
Silicon Gate Technology 
o DMA Capability 
Bytes or word transfers 
4 clock periods per byte transferred 


The CRT 7220A High-performance 
Graphics Display Con- 


troller (HGDC) 
is an intelligent 
microprocessor 
peripheral 


designed to be the heart of a high-performance 
raster-scan 


computer 
graphics 
and character 
display 
system. 
Posi- 


tioned 
between 
the video display 
memory 
and the micro- 


processor 
bus, the HGDC performs 
the tasks needed 
to 


generate 
the raster display and manage the display mem- 


ory. Processor 
software 
overhead 
is minimized 
by the 


HGDC's 
sophisticated 
instruction 
set, graphics 
figure 


drawing, 
and DMA transfer capabilities. 
The display'mem- 
ory supported 
by the HGDC can be configured 
in any num- 


ber of formats and sizes up to 256K 16-bit words. The display 
can be zoomed and panned, while partitioned 
screen areas 


can be independently 
scrolled. 
With its light pen input and 


multiple controller capability, the HGDC is ideal for advanced 
computer 
graphics 
applications. 


The HGDC 
is designed 
to work with a general 
purpose 


microprocessor 
to implement 
a high-performance 
com- 


puter graphics system. Through the division of labor estab- 
lished 
by 
the 
HGDC's 
design, 
each 
of the 
system 


components 
is used to the maximum 
extent through a six- 


level hierarchy 
of simultaneous 
tasks. At the lowest level, 


the HGDC generates 
the basic video raster timing, includ- 


ing sync and blanking 
signals. 
Partitioned 
areas 
on the 


screen and zooming are also accomplished 
at this level. At 


the next level, video display memory 
is modified during the 


figure drawing 
operations 
and data moves. Third, display 


memory addresses 
are calculated 
pixel by pixel as drawing 


progresses. 
Outside 
the HGDC at the next level, prelimi- 


nary calculations 
are done to prepare drawing parameters. 


At the fifth level, the picture must be represented 
as a list of 


graphics 
figures 
drawable 
by the HGDC. Finally, this rep- 


resentation 
must be manipulated, 
stored, 
and communi- 


cated. By handling 
the first three levels, the HGDC takes 


care of the high-speed 
and repetitive 
tasks 
required 
to 


implement 
a graphics 
system. 


HSYNC 
VIEXTSYNC 
BLANK 


Command 
Processor 
with 
Control 
ROM 
128x 
14 


Parameter 
RAM 
16x8 


+5V~ 
GNDo----- 


2 x WCLK 0----- 


PIN NO. 
SYMBOL 
IN/OUT 
FUNCTION 


1 
2XWCLK 
IN 
Clock 
Input 


2 
DBIN 
OUT 
Display 
Memory 
Read Input Flag 


3 
HSYNC 
OUT 
Horizontal 
Video 
Sync Output 


4 
V/EXTSYNC 
IN/OUT 
Vertical 
Video Sync Output 
or External 
VSYNC 
Input 


5 
BLANK 
OUT 
CRT Blanking 
Output 


6 
ALE (RAS) 
OUT 
Address 
Latch Enable 
Output 


7 
ORO 
OUT 
DMA Request 
Output 


8 
DACK 
IN 
DMA Acknowledge 
Input 


9 
RD 
IN 
Read Strobe 
Input for Microprocessor 
Interface 


10 
WR 
IN 
Write Strobe 
Input for Microprocessor 
Interface 


11 
AO 
IN 
Address 
Select 
Input for Microprocessor 
Interface 


12-19 
DBO-DB7 
IN/OUT 
Bidirectional 
data bus to Host Microprocessor 


20 
GND 
- 
Ground 


21 
LPEN/DH 
IN 
Light Pen Detect 
Input/Drawing 
Hold Input 


22-34 
ADO-AD12 
IN/OUT 
Address 
and Data Lines to Display 
Memory 


35-37 
AD13-AD15 
IN/OUT 
Character 
Mode: 
Line Counter 
Outputs, 
Bits 0-2 
Mixed Mode: 
Address 
and Data Bits 13-15 
Graphics 
Mode: Address 
and Data Bits 13-15 


38 
A16 
OUT 
Character 
Mode: 
Line Counter 
Output, 
Bit 3 
Mixed Mode: Attribute 
Blink and Clear 
Line Counter 
Output 


Graphics 
Mode: Address 
Bit 16 Output. 


39 
A17 
OUT 
Character 
Mode: 
Cursor 
Output 
and Line Counter 
Bit 4 
Mixed Mode: 
Cursor 
and Bit Map Area Flag Output 
Graphics 
Mode: 
Address 
Bit 17 Output 


40 
VCC 
- 
+ 5 Volt Power Supply 


Microprocessor 
Bus Interface 
Control 
of the HGDC 
by the system 
microprocessor 
is 
achieved through 
an 8-bit bidirectional 
interface. 
The sta- 


tus register is readable at any time. Access to the FIFO buffer 
is coordinated 
through flags in the status register and oper- 
ates independently 
of the various 
internal 
HGDC opera- 


tions, due to the separate data bus connecting 
the interface 
and the FIFO buffer. 


Command Processor 
The contents 
of the FIFO are interpreted 
by the command 


processor. 
The 
command 
bytes 
are decoded, 
and 
the 


succeeding 
parameters 
are 
distributed 
to their 
proper 


destinations 
within 
the HGDC. The command 
processor 


yields 
to the bus interface 
when 
both access 
the FIFO 


simultaneously. 


DMAControl 
The DMA control circuitry 
in the HGDC coordinates 
trans- 


fers over the microprocessor 
interface 
when 
using 
an 


external 
DMA controller. The DMA Request and Acknowl- 


edge handshake 
lines directly 
interface 
with a DMA con- 


troller, so that display 
data can be moved 
between 
the 


microprocessor 
memory 
and the display memory. 


Parameter RAM 
The 16-byte RAM stores parameters 
that are used repeti- 
tively during the display 
and drawing 
processes. 
In char- 


acter mode, this RAM holds four sets of partitioned 
display 


area parameters; 
in graphics 
mode, the drawing 
pattern 


and graphics 
character 
take the place of two of the sets 


of parameters. 


Video Sync Generator 
Based on the clock input, the sync logic generates 
the ras- 


ter timing signals for almost any interlaced, 
non-interlaced, 


or "repeat 
field" 
interlaced 
video 
format. 
The generator 


is programmed 
during the idle period following 
a reset. In 


video 
sync 
slave 
mode, 
it coordinates 
timing 
between 


multiple HGDC's. 


Memory Timing Generator 
The memory 
timing 
circuitry 
provides 
two memory 
c;ycle 


types: a two-clock 
period refresh cycle and the read-mod- 


ify-write 
(RMW) cycle which takes four clock periods. The 


memory control signals needed to drive the diSplay mem- 
ory devices are easily generated 
from the HGDC's ALE and 


DBIN outputs. 


Zoom & Pan Controller 
Based on the programmable 
zoom display factor and the 


display area entries 
in the parameter 
RAM, the zoom and 


pan controller 
determines 
when 
to advance 
to the next 
memory 
address for display refresh and when to go on to 


the next display 
area. A horizontal 
zoom is produced 
by 


slowing down the display refresh rate while maintaining 
the 


video sync rates. Vertical zoom is accomplished 
by repeat- 


edly accessing 
each line a number 
of times equal to the 


horizontal 
repeat. Once the line count for a display area is 


exhausted, the controller accesses the starting address and 
line count of the next display area from the parameter 
RAM. 
The system 
microprocessor, 
by modifying 
a display area 


starting address, can pan in any direction, independently 
of 


the other display areas. 


Drawing Controller 
The drawing processor 
contains the logic necessary 
to cal- 


culate the addresses 
and positions 
of the pixels of the var- 


ious 
graphics 
figures. 
Given 
a starting 
point 
and the 


appropriate 
drawing 
parameters, 
the drawing 
controller 


needs no further assistance 
to complete the figure drawing. 


Display Memory Controller 
The display 
memory 
controller's 
tasks are numerous. 
Its 


primary purpose 
is to multiplex the address and data infor- 


mation in and out of the display memory. It also contains the 
16-bit logic unit used to modify the display 
memory 
con- 


tents during RMW cycles, the character 
mode line counter, 


and the refresh counter 
for dynamic 
RAMs. The memory 


controller 
apportions 
the video field time between the var- 
ious types of cycles. 


Light Pen Deglitcher 
Only if two rising edges on the light pen input occur at the 
same point during successive 
video fields are the pulses 


accepted 
as a valid light pen detection. 
A status 
bit indi- 


cates to the system microprocessor 
that the light pen reg- 


ister contains 
a valid address. 
If this input is h~ld high for a 


period greater than four 2xWCLK 
cycles, drawing 
execu- 


tion is halted. 
I 


PROGRAMMER'S 
VIEW OF HGDC 
The HGDC occupies 
two addresses 
on the system micro- 


processor 
bus through 
which the HGDC's 
status register 


and FIFO are accessed. 
Commands 
and parameters 
are 
written into the HGDC's 
FIFO and are differentiated 
based 


on address 
bit AO. The status register or the FIFO can be 


read as selected 
by the address line. 


AO 
READ 
WRITE 


Status Register 
Parameter Into FIFO 


0 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


FIFO Read 
Command Into FIFO 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


HGDC Microprocessor 
Bus Interface 
Registers 


Commands 
to the HGDC ta'ke the form of a command 
byte 


followed by a series of parameter 
bytes as needed for spec- 
ifying the details of the command. 
The command 
processor 


decodes 
the commands, 
unpacks 
the parameters, 
loads 
them into the appropriate 
reigsters 
within the HGDC, and 
initiates the required operations. 
The commands 
available 
in the HGDC can be organized 
into five categories 
as described 
in the following 
section. 


HGDC COMMAND 
SUMMARY 


Video Control Commands 
1. RESET 1 
Resets the HGDC to its idle state. 


2. RESET 2 
Resets the HGDC to its idle state. 
Does 


not resynchronize 
video timing. 
Blanks 


the display. 
3. RESET 3 
Resets the HGDC to its idle state. Does 
not resynchronize 
video timing. Does not 


blank the display. 


4. SYNC 
Specifies 
the video display format. 


5. VSYNC 
Selects 
master 
or slave video synchro- 


nization mode. 


6. CCHAR 
Specifies 
the cursor 
and character 
row 


heights. 


Display Control Commands 
1. START 
Ends Idle mode and unblanks the display. 


2. BLANK 
1 
Controls 
the blanking 
and unblanking 
of 
the 
display, 
along 
with 
video 
resynchronization. 


3. BLANK 
2 
Controls 
the blanking 
and unblanking 
of 
the display. Does not blank the display. 


4. ZOOM 
Specifies zoom factors for the display and 
graphics 
characters 
writing. 
5. CURS 
Sets the position of the cursor in display 
memory. 


6. PRAM 
Defines 
starting 
addresses 
and lengths 
of the display 
areas 
and specifies 
the 
eight bytes for the graphics 
character. 


7. PITCH 
Specifies the width of the X dimension 
of 
display memory. 
Drawing Control Commands 
1. WDAT 
Writes data words or bytes into display 
memory. 
2. MASK 
Sets the mask register contents. 


3. FIGS 
Specifies the parameters 
for the drawing 
controller. 


4. FIGD 
Draws the figure as specified 
above. 
5. GCHRD 
Draws 
the graphics 
character 
into dis- 
play memory. 
Data Read Commands 


1. RDAT: 
Reads data words or bytes from display 
memory. 


2. CURD: 
Reads the cursor position. 


3. LPRD: 
Reads the light pen address. 


DMA Control Commands 


1. DMAR 
Requests 
a DMA read transfer. 
2. DMAW 
Requests 
a DMA write transfer. 


STATUS REGISTER 
FLAGS 


111 
11 


• 
loataReady 
L--=: FIFO Full 


~ 
FIFO Empty 


~__ ~_===========~::i;::u~~ogress 


___________ 
Vertical 
Sync Active 


Horizontal 
Blank Active! 


Vertical 
Blank 
Active 
Light Pen Detect 
Status Register (SR) 


SR·7: Light Pen Detect 
When this bit is set to 1,the light pen address (LAD) register 
contains a deglitched 
value that the system microprocessor 
may read. This flag is reset after the 3-byte LAD is moved 
into the FIFO in response to the light pen read command. 


SR-6: Horizontal 
Blanking 
ActiveNertical 
Blank 
Active 
A 1 value for this flag signifies that horizontal 
retrace blank- 
ing or vertical 
retrace 
blanking 
is currently 
underway 
dependent 
on the status 
of the VH bit in SYNC 
or the 
RESETx parameter 
6. 


SR-5: Vertical Sync 
Vertical retrace sync occurs while this flag is a 1. The verti- 
cal sync flag coordinates 
display 
format 
modifying 
com- 
mands to the blanked interval surrounding vertical sync. This 
eliminates 
display disturbances. 


SR-4: DMA Execute 
This bit is a 1 during DMA data transfers. 


SR-3: Drawing in Progress 
While the HGDC is drawing a graphics figure, this status bit 
isa 1. 


SR-2: FIFO Empty 
This bit and the FIFO Full flag coordinate 
system micropro- 


cessor 
accesses 
with the HGDC 
FIFO. When 
it is 1, the 
Empty flag ensures that all the commands 
and parameters 
previously 
sent to the HGDC have been interpreted. 


SF-1: FIFO Full 
A 1 at this flag indicates a full FIFO in the HGDC. A 0 ensures 
that there is room for at least one byte. This flag needs to 
be checked out before each write into the HGDC. 


SR-O: Data Ready 
When this flag is a 1, it indicates 
that a byte is available to 


be read by the system 
microprocessor. 
This bit must be 
tested before each read operation. 
It drops to a 0 while the 


data is transferred 
from the FIFO into the microprocessor 
interface data register. 


FIFO OPERATION 
& COMMAND 
PROTOCOL 
The first-in, first-out buffer (FIFO) in the HGDC handles the 
command 
dialogue 
with the system microprocessor. 
This 
flow of information 
uses a half-duplex 
technique, 
in which 


the single 
16-location 
FIFO is used for both directions 
of 


data movement, 
one direction 
at a time. The FIFO's direc- 
tion is controlled 
by the system microprocessor 
through the 


HGDC's 
command 
set. The host microprocessor 
coordi- 
nates these transfers 
by checking 
the appropriate 
status 
register bits. 
The command 
protocol used by the HGDC requires differ- 
entiation 
of the first byte of a command 
sequence 
from the 
succeeding bytes. The first byte contains the operation code 
and the remaining 
bytes carry parameters. 
Writing into the 
HGDC causes the FIFO to store a flag value alongside 
the 
data byte to signify 
whether 
the byte was written 
into the 
command 
or the parameter 
address. 
The command 
pro- 


cessor in the HGDC tests this bit as it interprets the entries 
inthe 
FIFO. 


The receipt of a command 
byte by the command 
processor 


marks the end of any previous 
operation. 
The number 
of 


parameter 
bytes supplied 
with a command 
is cut short by 


the receipt of the next command byte. A read operation from 
the HGDC to the microprocessor 
can be terminated 
at any 


time by the next command. 
The FIFO changes direction under the control of the system 
microprocessor. 
Commands 
written into the HGDC always 


put the FIFO into write mode if it wasn't in it already. 
If it was in read mode, any read data in the FIFO at the time 
of the turnaround 
is lost. Commands 
which require a HGDC 
response, 
such as RDAT, CURD and LPRD, put the FIFO 


into read mode after the command 
is interpreted 
by the 
HGDC's command 
processor. Any commands 
and param- 


eters behind 
the read-evoking 
command 
are discarded 
when the FIFO direction 
is reversed. 


READ-MODIFY-WRITE 
CYCLE 
Dat~ transfers 
between the HGDC and the display memory 


are accomplished 
using a read-modify-write 
(RMW) mem- 


ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) read data from the mem- 
ory, 3) modify the data, and 4) write the modified data back 
into the initially 
selected 
memory 
address. 
This type of 


memory cycle is used for all interactions 
with display mem- 
ory including 
DMA transfers, 
except for the two clock period 
display and RAM refresh cycles. 
The operations 
performed 
during the modify portion of the 
RMW cycle merit additional 
explanation. 
The circuitry in the 
HGDC uses three main elements: 
the Pattern register, the 
Mask register, and the 16-bit Logic Unit. The Pattern regis- 
ter holds the data pattern to be moved into memory. 
It is 
loaded by the WDAT parameters 
or, during drawing, 
from 


the parameter 
RAM. The Mask register contents determine 
which bits of the read data will be modified. 
Based on the 


contents 
of these 
registers, 
the Logic Unit performs 
the 
selected operations of REPLACE, 
COMPLEMENT, 
SET, or 


CLEAR on the data read from display memory. 
The Pattern 
register 
contents 
are ANDed 
with the Mask 


register 
contents 
to enable 
the actual modification 
of the 
memory read data, on a bit-by-bit basis. For graphics draw- 
ing, one bit at a time from the Pattern register is combined 
with the Mask. When ANDed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the Logic 
Unit. For the next pixel in the figure, the next bit in the Pat- 
tern register is selected 
and the Mask register bit is moved 


to identify the pixel's location within the word. The Execu- 
tion word address pointer register, EAD, is also adjusted as 
required to address the word containing 
the next pixel. 


In character 
mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify data 
word. Since the bits of the character 
code word are used in 
parallel, unlike the one-bit-at-a-time 
graphics drawing pro- 


cess, this facility 
allows any or all of the bits in a memory 


word to be modified 
in one RMW memory cycle. The Mask 


register must be loaded with 1s in the positions where mod- 
ification is to be permitted. 
The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit dAD 
field to specify the dot address. 
The command 
processor 


converts 
this parameter 
into the one-of-16 
format used in 
the Mask register 
for figure drawing. 
A full 16 bits can be 
loaded into the Mask register using the MASK command. 
In addition to the character 
mode use mentioned 
above, the 
16-bit MASK load is convenient 
in graphics 
mode when all 


of the pixels of a word are to be set to the same value. 
The Logic Unit combines 
the data read from display mem- 


ory, the Pattern Register, and the Mask register to generate 
the data to be written back into display memory. Anyone 
of 


four operations 
can be selected: 
REPLACE, 
COMPLE- 


MENT, CLEAR or SET. In each case, if the respective Mask 
bit is 0, that particular 
bit of the read data is returned 
to 


memory unmodified. 
If the Mask bit is 1, the modification 
is 


enabled. 
With the REPLACE 
operation, 
the Pattern Reg- 


ister data simply takes the place of the read data for mod- 
ification enabled bits. For the other three operations, 
a 0 in 


the modify data allows the read data bit to be returned to 
memory. 
A 1 value causes 
the specified 
operation 
to be 


performed 
in the bit positions with set Mask bits. 


FIGURE DRAWINGS 
The HGDC draws graphics 
figures at the rate of one pixel 


per read-modify-write 
(RMW) display memory cycle. These 


cycles take four clock periods to complete. 
At a clock fre- 
quency 
of 8MHz, this is equal to 500ns. 
During the RMW 


cycle the HGDC simultaneously 
calculates the address 'and 


position of the next pixel to be drawn. 
The graphics 
figure drawing 
process depends 
on the dis- 


play memory 
addressing 
structure. 
Groups of 16 horizon- 


tally adjacent pixels form the 16-bit words which are handled 
by the HGDC. Display 
memory 
is organized 
as a linearly 


addressed 
space of these words. Addressing 
of individual 


pixels is handled by the HGDC's 
internal RMW logic. 


During the drawing process, the HGDC finds the next pixel 
of the figure which is one of the eight nearest neighbors 
of 


the last pixel drawn. The HGDC assigns each of these eight 
directions 
a number from 0 to 7, starting with straight down 
aAd proceeding 
counterclockwise. 


I 
Figure 
drawing 
requires 
the proper 
manipulation 
of the 
address and the pixel bit position according 
to the drawing 
direction to determine 
the next pixel of the figure. To move 
to the word above or below the current one, it is necessary 
to subtract 
or add the number of words per line in display 


memory. This parameter 
is called the pitch. To move to the 
word to either side, the Execute word address cursor, EAD, 
must be incremented 
or decremented 
as the dot address 
pointer bit reaches the LSB or the MSB of the Mask register. 
To move to a pixel within the same word, it is necessary 
to 
rotate the dot address pointer register to the right or left. 


The table 
below 
summarizes 
these 
operations 
for each 


direction. 


Operations 
to Address 
the 
Next 
PI •• I 


EAD-P 
....•EAD 


EAO-P_EAD 
dAD (MSB) = 1 :EAD -1 
....•EAD dAD ...• LR 


dAD(MSB)1:EAO-1 
....•EAOdAD_LR 


EAD-P-+EAD 
dAD (MSB) = 1:EAD -1 
-+ EAD dAD ....•LR 


EAD-P_EAD 


EAD-P-+EAD 
dAD(lSB)=1:EAO-1 
-+EADdAO 
...• RR 


dAD (lSB) 
= 1 :EAO -1 
...• EAO dAD ...• RR 


EAD-P 
...• EAO 
dAD (LSB) = 1:EAO -1 
...• EAO dAD ...• RR 


Where 
P = Pilch, 
LA = Left Rotate, 
RR = Right 
Rotate, 


EAD = Execute 
Word 
Address, 
and 
dAD = Dot Address 
stored 
in the Mask 
Register. 


Whole word drawing is useful for filling areas in memory with 
a single value. By setting the Mask register to all1s with the 
MASK command, 
both the LSB and MSB of the dAD will 


always be 1, so that the EAD value will be incremented 
or 


decremented 
for each cycle regardless 
of direction. 
One 
RMW cycle will be able to effect all 16 bits of the word for 
any drawing type. One bit in the Pattern register is used per 
RMW cycle to write all the bits of the word to the same value. 
The next Pattern bit is used for the word, etc. 


For the various figures, the effect of the initial direction upon 
the resulting drawing is shown below: 


01, 
Line 
A'c 
Character 
Slant Char Rectangle 
OMA 


000 
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100 
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~ 
ff D 
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110 
" 
, 
- - - 


"J 
- - . 


111 A 
';:,') 


~ 
- 0 
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Note that during line drawing, the angle of the line may be 
anywhere within the shaded octant defined by the DIR value. 
Arc drawing 
starts in the direction 
initially specified 
by the 


DIR value and veers into an arc as drawing 
proceeds. 
An 


arc may be up to 45 degrees 
in length. DMA transfers 
are 


done on word boundaries 
only, and follow the arrows indi- 


cated in the table to find successive 
word addresses. 
The 


slanted paths for DMA transfers 
indicate the HGDC chang- 


ing both the X and Y components 
of the word address when 


moving to the next word. It does not follow a 45 degree diag- 
onal path by pixels. 


DRAWING PARAMETERS 
In preparation 
for graphics 
figure 
drawing, 
the HGDC's 


Drawing 
Processor 
needs 
the figure type, 
direction 
and 


drawing 
parameters, 
the starting 
pixel address, 
and the 


pattern from the microprocessor. 
Once these are in place 


within the HGDC, the Figure Draw command, 
FIGD, initi- 


ates the drawing operation. 
From that point on, the system 


microprocessor 
is not involved in the drawing process. The 


HGDC Drawing 
Controller 
coordinates 
the RMW circuitry 


and address 
registers to draw the specified 
figure pixel by 


pixel. 


The algorithms 
used by the processor for figure drawing are 


designed 
to optimize 
its drawing 
speed. 
To this end, the 


specified 
details about the figure to be drawn are reduced 


by the microprocessor 
to a form conducive 
to high-speed 


address 
calculations 
within 
the HGDC. 
In this way the 


repetitive, 
pixel-by-pixel 
calculations 
can be done quickly, 


thereby minimizing the overall figure drawing time. The table 
below summarizes 
the parameters. 


Dr.wlng 
Type 
DC 
D 
D2 
Dl 
DM 


Initial 
Value· 
0 
8 
8 
-1 
-1 


Line 
1611 
21601-1611 
2(1601-1611) 
21601 


Arc" 
rain q. 
,-1 
2('-1) 
-1 
r.ln 6! 


Rectang'e 
3 
A-I 
B-1 
-1 
A-I 


Are. 
Fill 
B-1 
A 
A 


Graphic Character··· 
B-1 
A 
A 


Read + Write 
Data 
W-l 


OMAW 
0-1 
C-l 


DMAR 
0-1 
C-2 
(C-2)12t 


'Initial 
values 
for the various 
parameters 
remain 
as each drawing 
process 
ends. 


"Clrcles 
are drawn 
with 8 arcs, 
each of which 
span 45*, so that sin d1 = l/v'2 
and sin 
(J 
'" 
O. 


'''Graphic 
characters 
are a special 
case of bit-map 
area filling 
in which 
B and A '" 8. If A"", 8 


there 
is no need 10 toad 0 and 02. 


Where: 


-1", 
aU ONES 
value. 


-:: 
No parameter 
bytes 
sent to GOe 
for this parameter. 


~I= 
The larger 
at.o.x or .o.y. 


~D= 
The smaller 
at .o.xor .o.y. 


r::: Radius 
of curvature, 
in pixels. 


dJ= Angle 
from 
major 
axis to end of the arc. dJ oCi 45~ 


8= Angle 
Irom 
major 
axis to start of the arc. 8 •• 45~ 
t '" Round 
up to the next higher 
integer. 
!= Round 
down to the next lower 
integer. 


A= 
Number 
01 pixels 
in the initially 
specified 
direction. 


S= Number 
of pixels 
in the direction 
at right angles 
to the 
initially 
specified 
dIrection. 


W= 
Number 
of words 
to be accessed. 


C: 
Number 
of bytes 
to be transferred 
in the initially 
specified 
direction. 
(Two bytes 
per word if word transfer 
mode 


is selectet1.) 


0= 
Number 
of words to be accessed 
in the direction 
at right 


angles 
to the initially 
specified 
direction. 


DC = Drawing 
count parameter 
which 
is one less than the num- 
ber 01 RMW cycles 
to be executed. 


DM= 
Dots masked 
from draWing during 
arc draWing. 


t= Needed 
only for word reads. 


GRAPHICS 
CHARACTER 
DRAWING 


Graphics 
characters 
can be drawn 
into display 
memory 


pixel-by-pixel. 
The up to 8-by-8 character 
display is loaded 


'into the HGDC's 
parameter 
RAM by the system micropro- 
cessor. Consequently, 
there are no limitations 
on the char- 


acter set used. 
By varying 
the drawing 
parameters 
and 


drawing direction, 
numerous drawing options are available. 


In area fill applications, 
a character 
can be written into dis- 


play memory 
as many times as desired without 
reloading 


the parameter 
RAM. 


Once the parameter 
RAM has been loaded with up to eight 


graphics 
character 
bytes by the appropriate 
PRAM com- 


mand, the GCHRD command can be used to draw the bytes 
into display memory 
starting at the cursor. The zoom mag- 


nification factor for writing, set by the zoom command, 
con- 


trols the size of the character written into the display memory 
in integer 
multiples 
of 1 through 
16. The bit values in the 


PRAM are repeated 
horizontally 
and vertically 
the number 


of times specified 
by the zoom factor. 


The movement of these PRAM bytes to the display memory 
is controlled 
by the parameters 
of the FIGS command. 


Based on the specified 
height and width of the area to be 


drawn, the parameter 
RAM is scanned 
to fill the required 


area. 


For an 8-by-8 graphics character, the first pixel drawn uses 
the LSB of RA-15, the second pixel uses bit 1 of RA-15, and 
so on, until the MSB of RA-15 is reached. 


The HGDC jumps to the corresponding 
bit in RA-14 to con- 


tinue the drawing. 
The progression 
then advances 
toward 


the LSB of RA-14. This snaking 
sequence 
is continued 
for 


the other 6 PRAM 
bytes. This progression 
matches 
the 


sequence 
of display memory 
addresses 
calculated 
by the 


In this way any stored 
parameter 
byte or bytes 
may be 


changed without influencing 
the other bytes. 


The PRAM stores two types of information. 
For specifying 


the details of the display area partitions, 
blocks of four bytes 


are used. The four parameters 
stored in each block include 


the starting address in display memory of each display area, 
and its length. In addition, there are two mode bits for each 
area which specify whether the area is a bit-mapped 
graph- 


ics area or a coded character 
area, and whether a 16-bit or 


a 32-bit wide display cycle is to be used for that area. 
The other use for the PRAM contents 
is to supply the pat- 


tern for figure drawing when in a bit-mapped 
graphics area 


or mode. In these situations, 
PRAM bytes 8 through 
16 are 


reserved 
for this patterning 
information. 
For line, arc, and 


rectangle 
drawing 
(linear 
figures) 
locations 
8 and 9 are 


loaded into the Pattern Register to allow the HGDC to draw 
dotted, dashed, etc. lines. For area filling and graphics 
bit- 


mapped 
character 
drawing 
locations 
8 through 
15 are ref- 


erenced for the pattern or character 
to be drawn. 


Details of the bit assignments 
are shown for the various 


modes of operation. 


drawing processor 
as shown above. If the area is narrower 
than 8 pixels wide, the snaking 
will advance 
to the next 


PRAM byte before the MSB is reached. 
If the area is nar- 


rower than 8 lines high, fewer bytes in the parameter 
RAM 


will be scanned. 
If the area is larger than 8 by 8, the HGDC 


will repeat 
the contents 
of the parameter 
RAM 
in two 


dimensions, 
as required to fill the area with the 8-by-8 moz- 


aic. (Fractions 
of the 8-by-8 pattern will be used to fill areas 


which are not multiples of 8 by 8). 


PARAMETER 
RAM CONTENTS: 
RAM ADDRESS 
RAOTO 
15 


The parameters 
stored in the parameter 
RAM, PRAM, are 


available for the HGDC to refer to repeatedly 
during figure 


drawing and raster-scanning. 
In each mode of operation the 


values in the PRAM are interpreted 
by the HGDC in a pre- 
determined 
fashion. The host microprocessor 
must load the 


appropriate 
parameters 
into the proper 
PRAM 
locations. 


PRAM loading command 
allows the host to write into any 


location of the PRAM and transfer as many bytes as desired. 


I 
~ 


Display 
Partition 
Are. 
1 


RA.() 
SAD1L 
atartlng 
addr ••• 
with low, 
._~~_~~_~~~~_ 
:~~dd~(~~~: 
~~:r:~~)lflc.nc. 


, 
I===========S=A=O='·==========I 


2 I_~_L_EN_"~__ ~ 
I 
I 
12. 
Display 
Partition 
Are. 
1 
~~~_o_ 
SAD1 


M 
I"~~:~I:I:~~:':~:' 
~::~:w. 
(word 
addr •• ,) 


LEN', 
l_o~_~~_o_1 


) 
Length 
of Display 
Partition 
1 
(line count) 
with high and 
low slgnltlClnce 
flelda 


A Wide 
Display 
cycle width 
0' two words 
per memory 
cycle 


t. selected 
for thla display 
ar•• llthls b" II •• tt081. 
The display 
addr ••• 
count.r 
I, then Incr.manted by 
2 for each display 
scan 
cycle. 
Other 
memory 
cycle 
types are not Influenced. 
RA-4 


Length 
of Display 
Partition 


Are. 
1 with low and high 
significance 
flelda 
(line count) 


In mixed 
mode, 
a 1 Indicates 
an 


Image 
or graphics 
arel, 
and a 0 


Indlcat.s 
a charact.r 
ar.a. 
In 


graphics 
mod. 
this bh muat be O. 


When 
1, the DAD II Incremented 


every 
other display 
cycle. 


Display 
Partition 
Area 2 
.tartlng 
addre.s 
and 
length 
with Image 


bit a. 
In area 1 
Display 
Partition 
2 
starting 
address 
and length 


7 
W02 


AA·8 
PTNL 
GCHA8 


Display 
Partition 
3 
PTNI1 
or 
GCHR7 


starting 
address 
and length 


RA·10 
GCHR6 


11 
GCHR5 


'2 
GCHA4 


13 
GCHA3 


Display 
Partition 
4 
'4 
GCHA2 


starting 
address 
and length 
15 
GCHR1 


Pattern 
of 16 bits used for 


figure 
drawing 
to panern 


dotted, 
dashed. 
etc. lines 


Graphics 
character 
bytes 


to be moved 
Into display 


memory 
with graphics 


character 
drawing 


RESET 
1 
I ° 


RESET2 
I 


RESET3 
I ° 


BLANK1 
I ° 


BLANK2 
I ° 


SYNC 
I ° 


VSYNC 
I ° 


CCHAR 
I ° 


START 
I 


ZOOM 


CURS 


PRAM 


PITCH 


WOAT 


MASK 


FIGS 


FIGO 


GCHRO 


ROAT 


CURD 


LPRD 


DMAR 


DMAW 


° I 


I 


1 I 
_~_~~ 
°_8 
_~ 
°_8 
____~_~~__l_G 
___ 
10 
__ 
°1_1_ 
~~01~1 
~ 


.0 
1 I 


____ 
1_ 


_~_~'~ 


Blank the display, 
enter 


Idle mode, 
and Initialize 


within 
the HGOC: 


-FIFO 


- 
Command 
Processor 


- 
Internal 
Counters 


This command 
can be executed 
at any time and does not 


modify any of the parameters already loaded into the HG DC. 


If followed by parameter 
bytes, this command 
also sets the 


sync generator 
parameters 
as described 
below. Idle mode 


is exited with the START command. 
RESET 1: Resync video timing in slave mode. 
RESET 2: Blank the display and do not resync. 
RESET 3: Unblank the display and do not resync. 


Active 
Display 
Words 
per 


line _ 2 
Must be even 


number 
with bit 0 "" 0 


P4 I 
~_~~_G_ Vertical 
Sync Wldth,high 
bits 
HFP 
\ 


, 


HBP 


VFP 


AL, 


PO I 
VBP 
~ 
Active 
Display 
Lines per 
. 
'_-' 
~ 
Video Field, 
high bUs 
\._-- 
- 
Vertical 
Back Porch 
Width 


In graphics 
mode, a word is a group of 16 pixels. In char- 
acter mode, a word is one character 
code and its attributes, 


if any. The number of active words per line must be an even 
number from 2 to 256, An all-zero parameter 
value selects 


a count equal to 2" where n = number of bits in the param- 
eter field for vertical 
parameters, 
All horizontal 
widths 
are 


counted 
in display words. All vertical intervals are counted 


in lines. 
If the Drawing Hold (DH) is set to one, pin 21 (LPEN/DH) 
is 


used as the drawing 
hold control 
pin, When the input to 


LPEN/DH 
is held high for over four 2 x WCLK clocks, the 


drawing address output is temporarily 
held and the display 


address is output. 
The HGDC allows an even or odd number of lines per frame. 
Selection 
is via the VL flag, the seventh 
bit of the sixth 


parameter 
byte following 
a RESET 
or SYNC command. 


When VL is 0, an odd number of display lines is generated, 


Number of lines In Interlaced mode 


Odd, as in 7220 


Even 


Blank Status Bit Definition 


Status 
register 
bit 6 indicates 
Horizontal 
Blank 


Status 
register 
bit 6 indicates 
Vertical 
Blank 


PH is the most significant 
bit (9) of the display pitch 


parameter. 
Use the PITCH command 
to set the lower 


eight bits. 


Horizontal Back Porch Constraints 
1. In general: 


HBP;;.3 Display Word Cycles (6 clock cycles). 
2. If the Image bit or WD modes change within one video 


field: 
HBP;;.5 Display Word Cycles (10 clock cycles). 
3. If interlace, 
mixed mode, or split screen is used: 
HBP;;.5 Display Word Cycles (10 clock cycles). 


Horizontal 
Front Porch Constraints 


1. In general: 


HFP;;.2 Display Word Cycles (4 clock cycles). 
2. If the HGDC is used in the video sync Slave mode: 


HFP;;.4 Display Word Cycles (8 clock cycles). 


3. If the Light Pen is used: 
HFP;;.6 Display Word Cycles (12 clock cycles). 
4. If interlace 
mode, DMA, or ZOOM is used: 


HFP;;.3 Display Word Cycles (6 clock cycles). 


Horizontal SYNC Constraints 
1. If interlaced 
display mode is used: 
HS;;.5 Display Word Cycles (10 clock cycles). 


2. If DRAM Refresh is enabled: 
HS;;.2 Display Word Cycles (4 clock cycles). 


Displ.y 
Mode 


Mixed 
Graphics 
& Character 


Graphics 
Mode 


Character 
Mode 


Invalid 


Video Fr.mlng 


Noninterlaced 


Invalid 


Interlaced 
Repeat 
Field for Character 
DisplaVs 


Interlaced 


Repeat Field Framing: 
2 Field Sequence 
with V2 line off- 
set between otherwise 
identical 
fields. 


Interlaced 
Framing: 
2 Field Sequence 
with % line off- 


set. Each field displays alternate 
lines. 


Noninterlaced 
Framing: 
1 field brings all of the informa- 
tion to the screen. 


Dyn.mlc 
RAM Refresh 
Cycle. 
En.bl. 


No Refresh 
- 
STATIC 
RAM 


Refresh 
- 
Dvnamlc 
RAM 


Dynamic 
RAM refresh is important 
when high display 


zoom factors or DMA are used in such a way that not all of 
the rows in the RAMs are regularly 
accessed 
during dis- 


play raster generation 
and for otherwise 
inactive display 


memory. 


Dr.wlng 
Tim. 
Window 


Drawing 
during 
active 
display 
time 
and retrace 
blanking 


Drawing 
onlv during 
retrace 
blanking 


Access to display memory can be limited to retrace blank- 
ing intervals only, so that no disruptions 
of the image are 


seen on the screen. 


RESET2 
[ 
0 
o I 
0 


R.§ET3 
I 
0 
o 11 
I 
Both commands 
allow a reset while presenting 
reinitializa- 


tion of the internal sync generator by an external sync source 
(slave mode). 


CCHAR,I 
0 , 
1 
, 0 
, 
0 
gX'l 
External 
SYNC 
Enable 


~ 
~,---,_~LR-,-_,---,~ 
Line. pe' ch.racter 
row _ 1 


~----------Displav 
Cursorlf1 


P2 
~R' 
SC 
CTOP 
I 
Curaor Top line numbe' 
: 
I 
In tha 'ow 
--------0 
-Blinking 
Cursor 


1 - 
Steady 
Cursor 
----------Blink 
Rate, 
lower 
bits 


P3 I 
CBOT 
BR, 
I-- Blink Rate, uppe, bits 


'--"- 
-\~''=--=-~-=--=-----~- 
----~ ---~--cursor Bottom 
line number 
In 


the row CBOT 
< LA 


In graphics 
mode, 
LR should 
be set to O. The blink rate 


parameter controls both the cursor and attribute blink rates. 
The cursor blink-on time = blink-off time = 2 x BR (video 
frames). 
The attribute 
blink rate is always 
% the cursor 


rate but with a % on -% off duty cycle. All three parameter 
bytes must be output for interlace 
displays, 
regardless 
of 


mode. For interlace displays in graphics 
mode, the param- 


eter BRL = 3. 


When SE = 0, the HGDC, in slave mode, detects the falling 
edge of EX. SYNC on the first frame. 
When 
SE = 1, the 


HGDC, in slave mode, detects the falling edge of EX. SYNC 
on every frame. 


SYNC' I_O~_~~_~~~_'~~ 
L 
The display 
IS enabled 
by 
a 1, and blanked 
by a O. 


Active 
Display 
Words 
per 
line 
Must be even 
number with bit 0 
0 


Horizontal 
Sync Width 
Vertical 
Sync Width, 
low bits 


~~~_H~F~P 
...--'_~_I~Ve'tic.1 
Sync Width, high bits 
\_' --- 
' 
Horizontal 
Front 
Porch 
Width 


vap 
~ 
Active 
Display 
Lines per 


~ 
. __ 
' 
~ 
Video 
Field, 
high bits 
\._-- 
- 
Vertical 
Back Porch Width 


This command 
also loads parameters 
into the sync gen- 


erator. The various 
parameter 
fields and bits are identical 


to those at the RESET command. 
The HGDC is not reset 


nor does it enter idle mode. 


Vertical Sync Mode 


VSYNC, I~o~~_~~~ 
__ '~~ 


0_ Accept 
External 
Vertical 
Sync - 
Slave 
Mode 


1-Generate 
& Output 
Vertical 
Sync - 
Master 
Mode 


When using two or more HGDCs to contribute to one image, 
one HGDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all HGDCs 
are connected 
together. 


A few considerations 
should 
be observed 
when synchro- 


nizing two or more HGDCs to generate overlayed video via 
the V/EXT SYNC pin. As mentioned 
above, the Horizontal 


Front Porch (HFP) must be 4 or more display cycles wide. 
This is equivalent 
to eight or more clock cycles. This gives 


the slave HGDCs time to initialize their internal video sync 
generators 
to the proper point in the video field to match the 


incoming vertical sync pulse (VSYNC). This resetting of the 
generator 
occurs just after the end of the incoming VSYNC 


pulse, during the HFP interval. Enough time during HFP is 
required to allow the slave HGDC to complete the operation 
before the start of the HSYNC interval. 


Once the HGDCs are initialized 
and set up as Master and 


Slaves, they must be given time to synchronize. 
It is a good 


idea to watch the VSYNC 
status bit of the Master HGDC 


and wait until after one or more VSYNC pulses have been 
generated before the display process is started. The START 
command 
will begin the active display of data and will end 


the video synchronization 
process, 
so be sure there has 


been at least one VSYNC pulse generated 
for the Slaves to 


synchronize 
to. 


DISPLAY CONTROL COMMANDS 


Start Display & End Idle Mode 


The START command 
generates 
the video signals as 


specified 
by the RESETX or SYNC command. 


BLANK1: I 
1~ 
The display 
Is enabled 
, 
L:J 
by a 1, and blanked by 
--~------- 
00. 


BLANK 2 does not cause the resyncing of an HGDC in 
slave mode. BLANK 
1 does cause the resyncing of an 


HGDC in slave mode. 


OISP 
I 
GCHR 
I - 
Zoom 
factor 
for graphics 
'\ 
. 
1 
character 
writing 
and area 


\ 
filling 


---------Olsplay 
zoom 'actor 


Zoom magnification 
factors 
of 1 through 
16 are available 


using codes 0 through 
15, respectively. 


EAO 
I - 
Execute 
Word Addres., 
_~~~__~_~~_r 
low byte 


EAD 
I - 
Execut. 
Word Addr ••• 
, 
_~~~__~_~~_r middle 
byte 


P3 
1_~d_A_D 
__ 
~(GrOPhlcaMod.onIY) 


\ 
Word Add, •• o, top bill 


~--------Oot 
Address 
within 
the word 


In character 
mode, the third parameter 
byte is not needed. 


The cursor is displayed 
for the word time in which the dis- 


play scan address 
(DAD) 
equals 
the cursor 
address. 
In 


graphics mode, the cursor word address specifies the word 
containing 
the starting pixel of the drawing; the dot address 


value specifies the pixel within that word. 
When the WG bit is set to one, any data following the WDAT 
command 
is written as is. When the WG bit is set to zero, 


the 7220A performs 
as the 7220 does: The pattern written 


is determined 
by the least significant 
bit of each parameter 


byte following 
the WDAT command. 
This bit is expanded 


into 16 identical bits which form the pattern. 


~ 
Starting 
Address 
In 
parameter 
RAM 


I 
1 to 16 bytes 
to be loaded 
~~~_~~_~~_~~r inlothe parameter 
RAM 
starting 
at the RAM address 


specified 
by SA 


From the starting 
address, 
SA, any number of bytes may 


be 
loaded 
into 
the 
parameter 
RAM 
at incrementing 


addresses, 
up to location 
15. The sequence 
of parameter 


bytes is terminated 
by the next command 
byte entered into 


the FIFO. The parameter 
RAM stores 16 bytes of informa- 


tion in predefined 
locations 
which differ for graphics 
and 


character 
modes. 
See the parameter 
RAM discussion 
for 
bit assignments. 


Pitch Specification 


P1' I 
I 
Number 
of word addresses 
. 
~ 
In display 
memory 
In the 


horizontal 
direction 


This value is used during drawing by the drawing processor 
to find the word directly 
above or below the current word, 


and during display to find the start of the next line. 
The Pitch parameter 
(width of display memory) is set by two 


different 
commands. 
In addition 
to the PITCH command, 
the RESET (or SYNC) command 
also sets the pitch value. 


The "active words per line" parameter, which specifies the 
width of the raster-scan 
display, also sets the Pitch of the 


display memory. Note that the AW value is two less than the 
display window width. The PITCH command 
must be used 


to set the proper memory width larger than the window width. 


DRAWING CONTROL COMMANDS 


Write Data into Display Memory 


RMW 
Memory 
cycle 


Logical 
Operation: 


o ~ 
REPLACE with Pan.r" 
1 
COMPLEMENT 
o 
RESET to zero 


I~SETto1 


Data Trans'.r 
Type: 


Word, Low then High byte 
Low Byte of the Word 
High Byte of the Word 
Invalid 


P1 I 
WORDl 
OR BYTE 
L---.- Word Low Data Byte or 
_~~_~ 
~ 
Single ayt. Data value 


P2 I 
WORDH 
L 
Word tranaf.r 
only: 
etc. 
_~~_~ 
I- 
High Data Byte 


Upon receiving 
a set of parameters 
(two bytes for a word 


transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor EAD. 
The EAD pointer 
is advanced 
to the next word, according 


to the previously 
specified 
direction. 
More parameters 
can 


then be accepted. 
For byte writes, the unspecified 
byte is treated as all zeros 


during the RMW memory cycle. 
In graphics 
bit-map 
situations, 
only the LSB of the WDAT 


parameter 
bytes is used as the pattern in the RMW oper- 


ations. Therefore 
it is possible 
to have only an all ones or 


all zeros pattern. 
If the WG bit of the third parameter 
of the 


CURS command 
is set to one, any byte following the WDAT 


command 
is written as is. In coded character 
applications 


all the bits of the WDAT parameter~ 
are used to establish 


the drawing pattern. 
The WDAT command 
operates 
differently 
from the other 


commands 
which 
initiate 
RMW cycle activity. 
It requires 


parameters 
to set up the Pattern register 
while the other 


commands 
use the stored values 
in the parameter 
RAM. 


Like all of these commands, 
the WDAT command 
must be 


preceded by a FIGS command and its parameters. Only the 
first three parameters 
need to be given following 
the FIGS 


opcode, to set up the type of drawing, the DI R direction, and 
the DC value. The DC parameter 
+ 1 will be the number of 


RMW cycles done by the HGDC with the first set of WDAT 
parameters. 
Additional 
sets of WDAT parameters 
will see a 


DC value of 0 which will cause only one RMW cycle to be 
executed per set of parameters. 
I 


MASK: I__ ~_~ 
_ 


P11 
M, 
low 
significance 
byte 


P21 
M_ 
High significance 
byte 


This command 
sets the value of the 16-bit Mask register of 


the figure drawing 
processor. 
The Mask register 
controls 


which bits can be modified 
in the display memory during a 


read-modify-write 
cycle. 


The Mask register 
is loaded 
by the MASK command 
and 


the third parameter byte of the CURS command. The MASK 
command accepts two parameter bytes to load a 16-bit value 
into the Mask register. All 16 bits can be individually 
one or 


zero, under program control. The CURS command 
on the 


other hand, puts a "1 to 16" pattern into the Mask register 
based on the value of the Dot Address value, dAD. If normal 
single-pixel-at-a-time 
graphics 
figure 
drawing 
is desired, 


there is no need to do a MASK command 
at all since the 


CURS command 
will set up the proper pattern to address 


the proper pixels as drawing 
progresses. 
For coded char- 


acter DMA, and screen setting and clearing operations using 
the WDAT command, 
the MASK command 
should be used 


after the CURS 
command 
if its third parameter 
byte has 


'been output. The Mask register should be set to all "ONES" 
for any "word-at-a-time" 
operation. 


Op.,.tlon 


Character 
Display 
Mode 
Drawlng,lndlvldual 
Dot Drawing, 


DMA, 
WDAT, and RDAT 


Straight 
Line Drawing 


Graphics 
Character 
Drawing 
and Area filling 
with graphic. 


character 
pattern 


Arc and Circle 
Drawing 


Rectangle 
Drawing 


Slanted 
Grapnlcs 
Character 
Drawing 
and Slanted 


Area 
Filling 


Only 
these 
bit combinations 
assure 
correct 
drawing 


operation. 


On execution 
of this 
instruction, 
the 
HGDC 
loads 
the 
parameters 
from 
the 
parameter 
RAM 
into the 
drawing 
processor and starts the drawing process at the pixel pointed 
to by the cursor, EAD, and the dot address, dAD. 


FIGS: I 0 
I 
1 
! 
0 
, 
0 
! 1 
! 
1 
! 
0 
! 0 I 


Figure 
Type Select 
Bits: 


line 
(Vector) 
Graphics 
Character 


----------ArciCircle 


Rectangle 


-------------Slanted 
Graphics 
Character 


~---=.~-=-=._-=-=._-=-=.~-=-=._-=-=._-=-=.~-=-=._-=-=._-=-~"-- 


~----~=--~=--~=--~=--~=--~=--~=--~=--~=-~. 
-~- 


Based on parameters 
loaded with the FIGS command, 
this 


command 
initiates the drawing of the graphics character or 


area filling 
pattern 
stored 
in Parameter 
RAM. 
Drawing 


begins at the address in display memory 
pointed to by the 


EAD and dAD values. 


DATA READ COMMANDS 


Read Data from Display Memory 


ROAl: L.I_,~_~, 
.....I~.J:---- 
Data nan.tOfType, 


o 
0 -. 
------Word, 
lowthen 
high byte 


Low byte of the Word only 


1--------Hlgh 
byte 
of theWord only 


Invalid 


Using the DIR and DC parameters 
of the FIGS command 


to establish 
direction 
and transfer 
count, 
multiple 
RMW 


cycles can be executed 
without specification 
of the cursor 


address 
after the initial load (DC = number 
of words or 


bytes). 
As this instruction 
begins to execute, the FIFO buffer direc- 


tion is reversed so that the data read from display memory 
can pass to the microprocessor. 
Any commands 
or param- 


eters in the FIFO at this time will be lost. A command 
byte 


sent to the HGDC will immediately 
reverse the buffer direc- 


tion back to write mode, and all RDAT information 
not yet 


read from the FIFO will be lost. MOD should be set to 00 if 
no modification 
to video buffer is desired. 


The following 
bytes are returned by the HGDC through the 


FIFO: 


Execute 
Address 
(EAD), 


high bits 


\- 
Dol Addr ••• 
(dAD), low byte 


i2-- Dol Addr ••• 
(dAD), high byte 


The Execute Address, 
EAD, points to the display memory 


word containing 
the pixel to be addressed. 
The Dot Address, 
dAD, within the word is represented 
as a 


1-of-16 code for graphics drawing operations. 


The following 
bytes are returned by the HGDC through the 
FIFO: 


~ 
LA_D_, 
~,_A_O 
f--UQht 
PenAddress,lowbyte 


IA1S, 
A8 !---UQht 
PenAddress, 


middle 
byte 


o B- Light Pen Address, 
high byte 


The light pen address, LAD, corresponds to the display word 
address, DAD, at which the light pen input signal is detected 
and deglitched. 


The light pen may be used in graphics, 
character, or mixed 
modes 
but only indicates 
the word address 
of light pen 


position. 


DMA CONTROL COMMANDS 


DMA Read Request 


QMAB; I_'~_~~~. 
1 
MOD 


~ 
Data Transfer 
Type: 


o 
0 _. ------Word, 
low 
then 
High Byte 


Data Transfer 
Type: 


Word, 
low 
then 
High Byte 


Low Byte of the Word 


High 
Byte of the Word 


Invalid I 


ELECTRICAL 
CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature under Bias 
O°Cto 70°C 


• 
Storage Temperature 
- 65°C to 150°C 
Voltage on Any Pin with Respect to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5 W 


'COMMENT: Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause permanent damase. The 
device is not meant to be operated under conditions outside the limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Limits 
Test 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Conditions 


Input Low Voltage 
V'L 
-0.5 
0.8 
V 
CD 


Input High Voltage 
V,H 
2.2 
Vee+ 0.5 
V 
®@ 
Output Low Voltage 
Vo<- 
0.45 
V 
10L= 2.2 mA 


Output High Voltage 
VOH 
2.4 
V 
10H= -400,...A 


Input Low Leak Current 
I'L 
-10 
,...A 


(except VSYNC. \JACK) 
V, = OV 
Input Low Leak Current 
I'L 
-500 
,...A 


(VSYNC, OACKY 


Input Hi~h Leak ~tent 
I'H 
+10 
,...A 


(except 
PEN/DH 
V, = Vee 
Input Hi8h Leak Current 
I'H 
+500 
,...A 


(LPEN/ 
H) 


Output Low Leak Current 
10L 
-10 
,...A 
Vo = OV 
Output High Leak Current 
10H 
-10 
,...A 
Vo = Vcc 


Clock Input Low Voltage 
VeL 
-0.5 
0.6 
V 


Clock Input High Voltage 
VeH 
3.5 
Vcc-1.0 
V 


VeeSupply Current 
Ice 
270 
mA 


Limits 
Test 
Mln 
Typ 
Max 
Unit 
Conditions 
10 
pF 
fc = 1 MHz 
20 
pF 
V, 
20 
pF 
(unmeasured) = OV 
20 
pF 


Parameter 
Symbol 


Input Capacitance 
C'N 
I/O Capacitance 
C"o 
Output Capacitance 
COUT 


Clock Input Capacitance 
Cf 


Notes: 
CD For2XWCLK, V'L= -0.5Vto 
+O.6V. 
® For2XWCLK, V,H= +3.9VtoVcc 
+ 1.0V. 


AC Characteristics, 
Ta = O°C to 70°C; Vcc = 5.0V ± 10%; GND = OV 


Read Cycle 
(HGDC~CPU) 


7220AD Limits 
7220AD-1 Limits 
7220AD-2 Limits 
Test 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Conditions 
Address Setup to RJj 1 
tAR 
0 
0 
0 
ns 
Address Hold from Rl) i 
tRA 
0 
0 
0 
ns 
liD" Pulse Width 
tRR1 
tRD1 +20 
tACV-%tCLK 
tAD'+ 20 
tRCy-%tCLK 
tAD'+ 20 
tRCy-%tCLK 
ns 


Data Delay from Rl) 1 
tR01 
75 
65 
55 
ns 
CL - 
50pF 
Data Floating from RJj i 
tOF 
0 
75 
0 
65 
0 
55 
ns 
liD" Pulse Cycle 
tRCY 
4tClK 
4leLK 
4 tCLK 
ns 


7220AD Limits 
7220AD-1 Limits 
7220AD-2 Limits 
Test 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Conditions 
Address Setup to WR 1 
t"" 
0 
0 
0 
ns 
Address Hold from WR i 
two. 
10 
10 
10 
ns 
WR Pulse Width 
t_ 
80 
tWCY 
- 
teLK 
70 
twev- leLK 
60 
tWCY 
- 
lcLK 
ns 


Data Setup to WRt 
tow 
65 
55 
45 
ns 
Data Hold from WR 
two 
10 
10 
10 
ns 
WR Pulse Cycle 
twev 
46 
4leLK 
4leLK 
ns 


7220AO limits 
7220AO-1 limits 
7220AO-2 limits 
Test 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Conditions 
DACK Setup to RJj I 
t'R 
0 
0 
0 
ns 
DACK Hold from RJj 1 
tR, 
0 
0 
0 
ns 
RJj Pulse Width 
tRR2 
tR02+ 20 
tR02+ 20 
tR02+ 20 
ns 
Data Delay from RL5 I 
tR02 
1.5 tCLK+ 80 
1.5tCLK+ 70 
1.5tCLK+ 60 
ns 
CL - 50 pF 
DREQ Delay from 
tREQ 
100 
85 
75 
ns 
CL = 50 pF 
2XWCLK 1 
DREQ Setup to i:iACK 1 
t"" 
0 
0 
0 
ns 
i:iACK High Level Width 
tOK 
Icu< 
let, 
let. 
ns 
i:iACK Pulse Cycle 
tE 
41eLK· 
4 telt<" 
41eLK· 
ns 
DREQ 1 Delay from 


tKa{A) 
tCLK+ 100 
tCLK+ 90 
tCLK+ 80 
ns 
CL = 50pF 
07iCR I 
07iCR Low-level Width 
tLK 
21e" 
2tc" 
21et, 
ns 


7220AO limits 
7220AO-1limits 
7220AO-2 limits 
Test 
Parameter 
Symbol 
Min 
I 
Max 
Min 
I 
Max 
Min 
I 
Max 
Unit 
Conditions 
DACK Setup to WR 1 
tKW 
0 
I 
0 
I 
0 
I 
ns 
DACK Hold from WR i 
tw, 
0 
I 
0 
I 
0 
I 
ns I 


7220AO limits 
7220AO-1limits 
7220AO-2 limits 
Test 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Conditions 
Address/Data Delay 
tAD 
20 
105 
20 
90 
15 
80 
ns 
CL = 50 pF 
from 2XWCLK 1 
Address/Data Floating 
IoFF 
20 
105 
20 
90 
15 
80 
ns 
CL = 50pF 
from 2XWCLK 1 
Input Data Setup to 
tolS 
0 
0 
0 
ns 
2XWCLK I 
Input Data Hold from 
tOIH 
tOE 
tOE 
tOE 
ns 
2XWCLKI 
DBIN Delay from 
toe 
20 
80 
20 
70 
15 
60 
ns 
CL = 50pF 
2XWCLKI 
ALE 1 Delay from 
tRR 
20 
80 
20 
70 
15 
60 
ns 
CL = 50 pF 
2XWCLKl 
ALE I Delay from 
tRF 
20 
65 
20 
55 
15 
50 
ns 
CL = 50pF 
2XWCLKI 
ALE Width 
tRW 
%telK 
%tCLK 
V3 tell< 
ns 
CL = 50pF 
ALE Low Width 
tRL 
1.51e" - 30 
1.5tc" 
- 
30 
1.51e" - 30 
ns 
Address Setup to ALE 1 
tM 
30 
30 
30 
ns 


72200 limits 
72200-1 limits 
72200-2 Limits 
Test 
Paramet<tr 
Symbol 
Min 
I 
Max 
Min 
I 
Max 
Min 
I 
Max 
Unit 
Conditions 


Video S~nal Delay 
tvo 
I 
90 
I 
80 
I 
70 
ns 
CL = 50pF 
from2X 
CLK 1 


7220AO limits 
7220AO-1 limits 
7220AO-2 limits 
Test 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Conditions 
Input Si~nal Setup to 
tps 
10 
10 
10 
ns 
2XWCL 
1 


Input Signal Width 
tpw 
Ie" 
Ie" 
let, 
ns 


7220AO limits 
7220AO-1 limits 
7220AO-2 limits 
Test 
Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Conditions 


Clock Rise Time 
IeR 
15 
15 
15 
ns 
Clock Fall Time 
tCF 
15 
15 
15 
ns 
Clock High Pulse Width 
tCH 
70 
61 
52 
ns 
Ciock Low Pulse Width 
IeL 
70 
61 
52 
ns 


Clock Cycle 
let, 
165 
10,000 
145 
10,000 
125 
10,000 
ns 


AO~ 
V.II. 
~ 
Inv.II. 
.,--r.""fit_ 


W 


•-t- 


080-7 --'n-v-.'-,.--I -~ 
Invalid 
I 
1--- •.,,---1 


j( 
Invalid x=:= 
.J'- 


h'h 


2h 
~::~ 


A'6, A'7±4 
! x= 


ALE~ 


~ 


." 
-.j •., 


HSYNC·REF: 
BLANK 
VSYNC 
LCO 
3 
CSR 
CSR·IMAGE 
ATT·BLlNK·CLC 


AO:~ 


'" 
RO: 


t_ (WR 
t to HSYNC 
1 ) O!<tClR 


tit •• (DACK 
1 to HSYNC 
t ) ~ telK 


HSYNC, 
BLANK: 


Y/EXTSYNC: 


• 


2IlWCLK: 


\ 
I 


OBIN: 


Wm 


AOO·15: 
Output 
Address 


I 
I 
I 
X~ 
_ 


I 
i 


I 
I \~-- 


"om JI 
~ 


AlE~~ 
1 


I 


A16. 17' =:I:)( 
I X 
I X 
I 
I 


I 


Blank. ----0 
I 
I \ 


I 


• 


2xWCLK: r\. r\ h /\ 


- 
- 
-la==-;:.. I--:- 
- 
LPEN,---- 
EX,SYNC: 
_ 
,- 


~ 
'"',, 
le.. 
VCH = 3.5V 
2xWCLK: 


t 
1 
Vel = O.6V 
Cl 
ell< 


I 
1 H 
I 


•• WCLK,~ 
.f\./\../\..f\J 
__J\../\../ 
J"\../\-__J\.. 


HSYNC' 
f 
\~ 
_ 


ADO-15'X::=::X:::::::: 
~~~==:x:=::::=c=:=x:~ 
=~x::=x:~~=x= ===~:t: 
,:\ 
LCG-4'~ 


~1H--l--------------------------------------------J 


ADO-15'JPoe~= )QCXX=:: 
xx::x:x:== 
============~=======-====:x:x:x:x:= =:xx: 


LCG-4'j,c: ==~::X=~~=:JC::: 
==::= =================::= ===:c::== 
=::x:: 


ROW,j( 
c 
,~----------------------------------', 


I 
1 
.~~~==~-------------- 
ROw~ 
~ 


I 
- 
- 
- 
- 
----------- 


VBLANK,: 
'-- 
1----------- 
, 


VSyNC,_'--------------- 
~f 


HBLANK'JL 
__ JL.JL 
__ JLJL__JLJL __.JL__JL __.JLJL __.JLJL_ 


I 
I 
1 
I 
I 
I 
1 
I 


VBLANK'1- 
__ ~---I------,----L 
__r---I-' ----,-1-- 


I 
I 
I 
I 
I 
1 
1 
I 


VSYNC,I 
I 
I 
, 
I I 
1 L- 


(Interlace) 
: 
: 
I 
: 
: 
I 


I 
Odd Field 
I 
I 
Even FIeld ---'--- 


I 
I 
I 
I 
,I 
1 
1 


(No I~~;~~~.~I 
--------1 
I 
I 
l-- 


Blanking 


HSYNC 


VSYNC 


I 
---------------------------~ 
• 


I 
I 
I 
I 
HBLANK:----J-----------..I 
I 


I 
1 


I 
I 


I 
I 


HSVNC, 
·1 
n 
I 


I 
I 
I 
: 
~i~"p~_' 
-------CIR--------- 


I 
I 
I 
I 


1 
I 
LIF--l 


VBLANK: 
I 
I 
I 


I 


VSVNC, ---l""""l 


I 
I 
II-- 
VBP 


-4 
I--'CCK 


2 x CCLK 
JUUlIl 


".~"" 
r>----<' f-- ~ ''L- 


HSVNC ---lrll 
10 'CCK=tL 


CRS-Imaga -----h~~ 
Invalid 
>c~ 


Image 


I 
I 


: 
~ 


I 
I 


1 
1 
11 
'__ 


1 
I 
I 


I 
I 
I 


VFP r 1 
I 


i tBP--j 


------j VS 


-II~---, 


: 
: 
I 


HSYNC 
Output 


BLANK 
Output 
rL- 
rt-L-- 
: 
: 


: 
Verticil 
SYNC 
Line. 
·-·t-----· 
...... _-- 


Verticil 
Sack 
Porch 
Blanked 
Linea 
: 


nlll 


Horizontal 
Front 
Porch ---l 
Blanking 


Active 
Dlsplav 
Line. 
nlal 
arch 
- 
Ing 


~- 


Vertical 
Front 
Porch 
Blinked 
Lines 
, 


~ 


Horlzo 
SYNC 
Pul •• 


Harlzo 
Back 
P 


Blank 
I 


~ 
Drawing 
Interval 


~ 
Additional 
Drawing 
Interval 
When 


~ 
In Flash 
Mode 


~ 
Dynamic 
RAM Refresh 
If Enabled, 
Otherwise 


~ 
Addltlon,l 
Drawing 
Interval 


~~~\~~~~~~~~~~~~~~fli~~n~ 
f~~~~~\~u~t~o~~I~r~~::i: 
n~r~~~e~~~lr~l~t~~~~~.~~~~~~~f~~~6~~~i 
~~;~6~~~~1:~ 


checked and is believed to be entirely reliable. However, no responsibility 
is assumed for inaccuracies. 
Furthermore, 


such information 
does not convey to the purchaser 
of the products 
described 
any license under the patent rights of 


SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best 


pJlOduct possible. 


CRT 8002 


j.Lpc FAMILY 


CRT Video Display Attributes 
Controller 
Video Generator 
VDACTM 


o On chip character 
generator 
(mask programmable) 
128 Characters 
(alphanumeric 
and graphic) 


7 x 11 Dot matrix block 
o On chip video shift register 
Maximum 
shift register frequency 


CRT 8002A 
20MHz 


CRT 8002B 
15MHz 


CRT 8002C 
10MHz 
Access 
time 
400ns 
o On chip horizontal 
and vertical 
retrace video blanking 
o No descender 
circuitry 
required 


o Four modes of operation 
(intermixable) 
Internal character 
generator 
(ROM) 
Wide graphics 
Thin graphics 
External inputs (fonts/dot 
graphics) 
o On chip attribute 
logic-character, 
field 


Reverse video 
Character 
blank 


Character 
blink 


Underline 
Stri ke-th ru 


o Four on chip cursor modes 


Underline 
Blinking 
underline 
Reverse video 
Blinking 
reverse video 
o Programmable 
character 
blink rate 
o Programmable 
cursor blink rate 


VIDEO 1 
LD/SH 2 
VDC 3 


A0 
4 


A1 
5 


A2 
6 


A3 
7 


A4 
8 


A5 
9 
A6 10 


A711 


Vcc 12 


R2 13 


R3 14 


28 RETBL 
27 CURSOR 


26 MS~ 


25 
MS1 


24 BLINK 
23 V SYNC 
22 CHABL 
21 REVID 


20 UNDLN 
19 STKRU 
18 ATTBE 


17 GND 


16 
R~ 


15 R1 I 


o Subscriptable 
o Expandable 
character 
set 
External fonts 
Alphanumeric 
and graphic 
RAM, ROM, and PROM 
o On chip address buifer 
o On chip attribute 
buffer 
o + 5 volt operation 
o TTL compatible 
o MaS N-channel 
si licon-gate 
COPLAMOS® process 
o CLASp® technology-ROM 
and options 
o Gompatible 
with CRT 5027 VTAC® 


General Description 


The SMC CRT 8002 Video Display Attributes Controller 
The CRT 8002 attributes include: reverse video, char- 


(VDAC) is an N-channel COPLAMOS@MOS/LSI device 
acter blank, blink, 
underline, 
and stnke-thru. 
The 
which 
utilizes 
CLASP@ technology. 
It contains 
a 
character blink rate is mask programmable from 7.5Hz 
7X11X128character generator ROM, a wide graphics 
to 0.5Hz and has a duty cycle of 75/25. The underline 
mode, a thin graphics mode, an external input mode, 
and strike-thru 
are similar 
but independently 
con- 
character address/data latch, field and/or character 
trolled functions and can be mask programmed to any 
attribute logic, attribute latch, four cursor modes, two 
number of raster lines at any position in the character 


programmable 
blink rates, and a high speed video 
block. These attributes are available in all modes. 


shift register. The CRT 8002 VDAC'· 
is a companion 
. 
. 
chip to SMC's CRT 5027 VTAC. Together these two 
In the. wide .graphlc mode the CRT 8002 produces a 
chips comprise the circuitry 
required for the display 
graph!c entity the size of the character .blo?k. The 
portion of a CRT video terminal. 
graphiC entity contains 8 part~, each of which ISas~o- 


. 
. 
clated With one bit of a graphiC byte, thereby provld- 
The CRT 8002Yldeo outJ:'utmay be connected directly 
ing for 256 unique graphic symbols. Thus, the CRT 
to a CRT monitor video Input The CRT 5027 blanking 
8002 can produce either an alphanumeric symbol or 
output can be. connected directly to the. CRT 8002 
a graphic entity depending on the mode selected. 
retrace blank Input to provide both honzontal and 
The mode can be changed on a per character basis. 


vertical retrace blanking of the video output 
.. 
. 
Four cursor modes are available on the CRT 8002. 
The thin graphiC mode enables the user to create Sln- 
They are: underline, blinking underline, reverse video 
gle line drawings and forms. 
block, and blinking reverse video block. Anyone 
of 
The external mode enables the user to extend the on- 


these can be mask programmed as the cursor func- 
chip ROM character set and/or the on-chip graphics 


tion. There is a separate cursor blink rate which can 
capabilities by inserting external symbols. These ex- 


be mask programmed to provide a 15Hz to 1Hz blink 
ternal symbols can come from either RAM, ROM or 
rate. 
323 PROM. 


STAN~D 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPOR 
A~I 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 


1"I'1VI" 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 
".".,,~ 
"" 
••. ". assumed 
for inaccuracies. 
Furlhermore, 
such information 
does not convey to the purchaser 
of the 


'"'' m·"•. 
!e:'!"."' .••• semiconductor devices described any license under the patent rights of SMC or others. SMC reserves 'the 


right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION, 
.4 
CRT8002H 


CRT Video Display Attributes Controller 
Video Generator 
VDACTM 


o On chip character 
generator 
(mask programmable) 


128 Characters 
(alphanumeric 
and graphic) 


7 x 11 Dot matrix 
block 
o On chip video shift register 


Maximum 
shift register frequency 
25 MHz 
o ROM Access time 310 ns 
o On chip horizontal 
and vertical 
retrace video blanking 
o No descender 
circuitry 
required 
o Four modes of operation 
(intermixable) 


Internal 
character 
generator 
(ROM) 
Wide graphics 
Thin graphics 
External 
inputs 
(fonts/dot 
graphics) 


o On chip attribute 
logic-character, 
field 


Reverse video 
Character 
blank 


Character 
blink 


Underline 
Strike-thru 


o On chip cursor 
o Programmable 
character 
blink rate 
o Programmable 
cursor 
blink rate 
o Subscriptable 
o Expandable 
character 
set 
External 
fonts 


Alphanumeric 
and graphic 


RAM, ROM, and PROM 


The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel 
COPLAMOS<!> MOS/LSI 
de- 


vice. It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an external 
input mode, character address/data 
latch, field and/or 


character 
attribute 
logic, attribute 
latch, four cursor 


modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com- 
panion chip to SMC's CRT 5027/37 VTAC<!>.Together 
these two chips comprise the circuitry 
required for the 


display portion of a CRT video terminal. 
The CRT-8002H video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 blanking 
output 
can be connected 
directly 
to the CRT 8002H 


retrace 
blank 
input 
to provide 
both horizontal 
and 


vertical retrace blanking of the video output. 
The CRT 8002H attributes include: reverse video, char- 
acter 
blank, 
blink, 
underline, 
and strike-thru. 
The 


character biink rate is mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 


VIDEO 
1 


LD/SH 
2 


VDC 
3 
Alii 
4 


A1 
5 


A2 
6 


A3 
7 


A4 
8 


A5 
9 
A610 


A711 


Vcc 12 


R2 13 
R314 
I 


28 RETBL 
21 CURSOR 


26 MSIII 


25 MS1 


24 BLINK 


23 v SYNC 


22 CHABL 


21 REVID 


20 UNDLN 


19 STKRU 


18 ATTBE 
17 GND 
16 Rill 


15 R1 


o On chip address 
buffer 
o On chip attribute 
buffer 
0+5 volt operation 
o TTL compatible 
ON-channel 
COPLAMOS® 
Titanium 
Disilicide 
Process 
o Compatible 
with CRT 5027/37 VTAC® 


and strike-thru are similar but independently controlled 
functions and can be mask programmed to any number 
of raster lines at any position 
in the character 
block. 


These attributes are available in all modes. 


In the wide graphic mode the CRT 8002H produces a 
graphic 
entity 
the size of the character 
block. 
The 


graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol ora graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 


The thin graphic mode enables the user to create single 
line drawings and forms. 


The external mode enables the user to extend the on- 
chip ROM character 
set and/or the on-chip 
graphics 


capabilities 
by inserting 
external symbols. These eX- 


ternal symbols 
can come from either RAM, ROM or 


PROM. 


mr 
~D 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


PaR I\TV'\IlI 
••••••• 
apPlications: 
consequently complete information sufficient for construction purposes is not necessarily given. 


1"\11Vl'f~ 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 


•••,•••~ ~ 
""'" 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


'"'' m·" •. 
r.::o;" m·•••• semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD 
MICROSYSTEMS 
CORPORATION,.pf 
CRT 8021 
CRT 8021-003 


CRT Video Attributes Controller 
Video Generator 
VAC 


FEATURES 
o ON CHIP VIDEO 
SHIFT 
REGISTER 


Maximum 
shift register frequency- 
20MHz 


Maximum 
character 
clock 
rate-2.5MHz 


o ON CHIP 
HORIZONTAL 
AND VERTICAL 
RETRACE 


VIDEO BLANKING 


o ON CHIP GRAPHICS 
GENERATION 


o ON CHIP ATTRIBUTE 
LOGIC-CHARACTER, 
FIELD 


Reverse video 
Character 
blank 


Character 
blink 


Underline 
Strike-thru 
o ON CHIP 
BLINKING 
CURSOR 


o ON CHIP 
DATA BUFFER 


o ON CHIP ATTRIBUTE 
BUFFER 


0+5 
VOLT OPERATION 


o TTL 
COMPATIBLE 


o MOS N-CHANNEL 
SILICON-GATE 
COPLAMOS® 
PROCESS 


VIDEO 
1 


LD/SH 
2 


VDO 
3 


A0 
4 


A1 
5 


A2 
6 


A3 
7 


A4 
8 


A5 
9 


A6 10 


A711 


Vcc 12 
R2 13 


R3 14 


28 RETBL 


27 CURSOR 


26 Msa 


25 MSI 


24 BLINK 


23 V SYN 
22 CHABL 


21 REVID 


20 UNDLN 


19 STKRU 


18 ATTBE 


17 GND 


16 
RO 


15 R1 I 


o COMPATIBLE 
WITH 
CRT 5027/37 
VTAC® AND 


CRT 9007 VPAC 


GENERAL DESCRIPTION 


The SMC 
CRT 8021 Video 
Attributes 
Controller 
(VAG) 
strike-thru 
are 
similar 
but 
independently 
controlled 
is an n- channel 
COPLAMOS® 
MOS/LSI 
device. It con- 
functions. 
These attributes 
are available 
in all modes. 


tains 
wide 
and 
thin 
graphics 
logic, 
attributes 
logic, 
a 


data latch, field and character 
attribute 
latch, a blinking 


cursor, 
and a high 
speed 
video 
shift 
register. The CRT 


8021 VAC isa companion 
to SMC's 
CRT 5027/37VTAC® 
or CRT 9007 VPAC. The CRT 8021 and a character 
ROM 


combined 
with either a CRT 5027/37 or a CRT9007com- 


prises the major circuitry 
required 
for the display 
portion 


of a CRT video terminal. 


The CRT 8021 video output 
may be connected 
directly 


to a CRT 
monitor 
video 
input. 
The 
CRT 
5027/37 
or 


CRT 9007 blanking 
output 
can be connected 
directly 
to 


the CRT 8021 retrace blank input to provide both horizon- 
tal and vertical 
retrace blanking 
of the video output. 


A blinking 
cursor 
is available 
on the CRT 8021. There is a 


separate 
cursor 
blink 
rate which 
is twice 
the character 


blink rate and has a duty cycle of 50/50. 


The CRT 8021 attributes 
include: 
reverse video, character 


blank, 
blink, 
underline, 
and 
strike-thru. 
The character 


blink 
rate has a duty 
cycle 
of 75/25. The underline 
and 
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The thin graphic 
mode enables 
the user to create single 


line drawings 
and forms. 


In the 
wide 
graphic 
mode 
the 
CRT 
8021 produces 
a 


graphic 
entity the size of the character 
block. The graphic 


entity 
contains 
8 parts, each of which 
is associated 
with 


one bit of a graphic 
byte, thereby 
providing 
256 unique 


graphic 
symbols. 
Thus, the CRT 8021 can produce 
either 


alphanumeric 
symbols 
or various 
graphic 
entities 


depending 
on the 
mode 
selected. 
The 
mode 
can 
be 


changed 
on a per character 
basis. 


The CRT 8021 is available 
in two versions. 
The CRT 8021 


provides 
an eight-part 
graphic 
entity 
which 
fills 
the 


character 
block. The CRT 8021 is designed 
for seven dot 


wide, nine or eleven dot high characters 
in nine by twelve 


or ten by twelve character 
blocks. 


The CRT 8021-003 provides 
a six part graphic 
entity 
for 


five by seven orfive 
by nine characters 
in character 
blocks 


of up to seven by ten dots. 


STANDARD 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


CORPOR 
"TlnAI 
applications: consequently complete information sufficient for construction purposes is not necessariiy given. 


1"\11Vl'\l 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 
35_'" _" 
"•• assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 
",,,,,,,,., .•.••,."" 
••• semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 
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CRT 9006-135 
CRT 9006-83 


Single Row Buffer 
SRB 


FEATURES: 
o Low Cost Solution to CRT Memory Contention Problem 
o Provides Enhanced Processor Throughput for CRT 


Display Systems 
o Provides 8 Bit Wide Variable Length Serial Memory 
o Permits Active Video on All Scan Lines of Data Row 
o Dynamically Variable Number of Characters per Data Row- 


... 64, 80,132, ... uptoa 
Maximum of 135 
o Cascadable for Data Rows Greater than 135Characters 
o Stackable for Invisible Attributes or Character 


Widths of Greater than 8 Bits 
o Three-State Outputs 
o 3.3MHz Typical Read/Write Data Rate 
o Static Operation 
o Compatible with SMC CRT 5037,CRT 9007,and other 


CRT Controllers 
024 
Pin Dual In Line Package 


0+5 
Volt Only Power Supply 
o TTL Compatible Inputs and Outputs 
o Available in 135 Byte Maximum Length (CRT 9006-135) 


or 83 Byte Maximum Length (CRT 9006-83) 


The SMC Single Row Buffer (SRB) provides a low cost solu- 
tion to memory contention between the system processor and 
CRT controller in video display systems. 
The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output 
through 
the multiplexer 
onto the Data Ouput 


DOUT3 


DOUT2 


DOUT1 


DOUT0 


ClK 


WREN 


ClRCNT 


CKEN 


DIN0 


DIN1 


DIN2 


DIN3 
I 


GND 


DOUT4 


DOUTS 


DOUT6 


DOUT7 


6E 


OF 


DIN? 


DIN6 


DINS 


DIN4 


+sv 


APPLICATIONS: 
o CRT Data Row Buffer 
o Block-Oriented Buffer 
o Printer Buffer 
o Synchronous Communications 
Buffer 
o Floppy Disk Sector Buffer 


(DOUT) Lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining 
N-1 scan lines where N is the number of 


scan lines per data row. The SRB enhances processor through- 
put and permits a flicker-free display of data. 


3·STATE. 
u,,, 


A 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


1-4 
DATA OUTPUTS 
DOUT3-DOUTfIl 
Data Outputs from the internal output latch. 


5 
CLOCK 
ClK 
Character clock. The negative-going 
edge of ClK clocks the 


latches. When CKEN (pin 8) is high, ClK will increment the 
address counter. 


6 
WRITE ENABLE 
WREN 
When WREN is low, data from the input latch is transferred directly 
to the output latch and simultaneously 
written into sequential 


locations in the RAM. 


7 
CLEAR COUNTER 
ClRCNT 
A negative transition on ClRCNT 
clears the RAM address counter. 


ClRCNT 
is normally asserted low near the beginning of each 


scan line. 


8 
CLOCK 
ENABLE 
CKEN 
When CKEN is high, ClK will clock the address counter. The 
combination 
of CKEN high and WREN low will allow the writing 
of data into the RAM. 


9-12 
DATA INPUTS 
DIN0-DIN3 
Data Inputs from system memory. 


13 
POWER SUPPLY 
Vcc 
+5 Volt supply. 


14-17 
DATA INPUTS 
DIN4-DIN7 
Data Inputs from system memory. 


18 
OVERFLOW FLAG 
OF 
This output goes high when the RAM address counter reaches its 
maximum count. If cascaded operation of multiple CRT9006's is 
desired for more than 135 bytes, OF may be used to drive the 
CKEN input of the second row buffer chip. 


19 
OUTPUT ENABLE 
OE 
When OE is low, the data outputs DOUT0-DOUT7 
are enabled. 


When OE is high, DOUT0·DOUT7 
present a high impedance 


state. 


20-23 
DATA OUTPUTS 
DOUT7-DOUT4 
Data Outputs from the internal output latch. 


24 
GROUND 
GND 
Ground. 


For CRT operation, 
the Write Enable (WREN) signal is 
RAM 
has been fully 
loaded 
(135 bytes). 
While 
data is 
made active for the duration 
of the top scan line of each 
being written into the RAM, it is also being output through 
data row. Clear Counter 
(CLRCNT) 
typically 
occurs 
at 
the multiplexer 
onto the Data Output (DOUT) lines. Each 
the beginning 
of each scan line (HSYNC may be used as 
byte is loaded into the output 
latch one clock time later 
input to CLRCNT). 
Data is continually 
clocked 
into the 
than it is written 
into the RAM. Output of the data during 
input latch by CLK. When Clock Enable (CKEN) occurs, 
the first scan line permits 
the Video Display Controller 
the data in the input latch (Write Data) is written 
into the 
(such as the CRT 8002) to display video on the first scan 
first location 
of RAM. At the negative-going 
edge of the 
line. During subsequent scan lines inthedata 
row, thesys- 
next clock, the address counter 
is incremented, 
the next 
tem will disable Write Enable (WREN) and causedata to be 
input data is latched into the input latch, and the new data 
read out from the internal RAM, thereby freeing the sys- 
is then written 
into the RAM. Loading the RAM continues 
tem memory 
for processor 
access for the remaining 
N-1 
until 
one clock 
after 
CKEN 
goes inactive 
or until the 
scan lines where N is the number of scan lines per data row. 
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MAXIMUM GUARANTEED RATINGS· 


Operating Temperature Range ...............•...........•...........................•............ 
0° C to + 70° C 
Storage Temperature Range 
-55°Cto+ 
150°C 
Lead Temperature (soldering, 10 sec.) 
...........................•........................................ 
+325° C 
Positive Voltage on any Pin, with respect to ground 
+8.0V 
Negative Voltage on any Pin, with respect to ground 
-0.3V 


'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional 
operation of the device at these or at any other condition 
above those indicated in the operational 
sections of this specification 
is not implied. 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


DC CHARACTERISTICS 


Input Voltage 
Levels 


Low Level VIL 
0.8 
V 


High 
Level VIH 
2.0 
V 


Output 
Voltage 
Levels 


Low Level VOL 
0.4 
V 
IOL=2mA 


High Level VOH 
2.4 
V 
IOH=-100pA 
Input Current 
10 
pA 
O:::;VIN :::;Vcc 
Leakage, 
IlL 
Output 
'1' Leakage 
10 
pA 


Output 
'0' Leakage 
10 
pA 


(Off State) 
Input Capacitance 
CLK 
30 
45 
pF 


All other 
inputs 
10 
15 
pF 


Power Supply 
Current 
Ice (SRB-135) 
115 
mA 


Icc (SRB-83) 
100 
mA 


AC CHARACTERISTICS 
Icy 


(SRB135) 
300 
250 
ns 


(SRB83) 
400 
330 
ns 


tCKL 
(SRB135) 
240 
190 
DC 
ns 


(SRB83) 
320 
250 
DC 
ns 


tCKH 
(SRB135) 
28 
5000 
ns 


(SRB83) 
34 
5000 
ns 


tCKR 
(SRB135) 
10 
ns 
tCKH= 28ns 


(SRB83) 
10 
ns 
IcKH= 34ns 


tCKF 
(SRB135) 
10 
ns 
IcKL=240ns 


(SRB83) 
10 
ns 
tCLK= 320ns 
tOSEr 
65 
ns 


tOHOLO 
5 
ns 


tENCKP 
0 
ns 


tENCKN 
(SRB135) 
100 
ns 


(SRB83) 
125 
ns 


tENHOLO 
0 
ns 


tWRCKN 
(SRB135) 
100 
ns 


(SRB83) 
125 
ns 


tWENHLO 
0 
ns 


tOOUT 
175 
ns 
CL=50pF 


hSON 
175 
ns 


hSOFF 
175 
ns 


IOFON 
175 
ns 
CL=30pF 


IcLRs 
(SRB135) 
100 
ns 


(SRB83) 
125 
ns 


tCLRH 
0 
ns 


I 


OF ____,.r-"',,- 


CLRCNT 
t-------- 


\WlEf'I!..LL7 
ONE 


CKEN 
i(~7~1-Y 


:;; 


1 
t".-i' 
~ 


CCRCN'f 
~I 
II III 


ADDRESS 
COUNTER 
~~_~~ 


(INTERNAL) 
ADDAO 
ADDRl 
ADOA2 
~ 


(LAST ADOR) 
(~~~~R~~T~====X 
ADa 
~ 
~ 


DOUT7-0 17ZZZ7ZZ/7Z/Z//~ 
t:><0ATAN-1X 
DATA~~ 


(LASTDAT~ 


OF 
1~ 


CLK~~ 
__ i fL---Sl-------I 


(HO = 1S?~I~~~~~~~SA1 
ADORMAX 
HO 
Hl 
H2 
H3 
= 


\WlEf'I77?~"-O-N-E --, 
-----------~! 
l 


:-(~~~J{ 
1 I 


~~IJ~R~~T~ ==k==::::>C==X:J'iwiQD:[.::::>C3'W1!'D~'::::>C~w1!'D~2::::>c1 ~ 


:-telA-: 


CLRCNT ~~7LllIDl/l/1DIIllO'I, 
Wz7111ZZ1ZZ1 I ZZIZZ1 , 
~gB~~~nowii7tifii7i:t 
AODR0 
~ 
~ 
(INTERNAL) 
(lAST 
ADDR) 


DQUT7·0 7.1l..llll111J.ll17/D- 
THREE 
~ 
P DATA N·' X 
DATA N ) ~~:~: 
~ 
(LAST 
DATA) 


RST 
INT 


T 


RS 
}i 


CRT 
CONTROLLER 
(CRT 
5037, 
CRT 
9007, 
.) 
CBLANK 
MEMORY 


c.> 
0 
c.> 
R 
c.> 
SL3 
SL2 
SL1 
SL0 
CURS 


z«Uw 
<nZ 
1-- 
<n-' 
II: 
u: 


WREN 
R3 
R' 
RfJ 
CURSOR 
VSYNC 
RETBL 


LOISH 


voc 


CRT 
9006 
OOUT7-0 


CRTBOO2 
SINGLE 
VDAC® 
ROW 
BUFFER 


DIN7-0 
OE 
GND 


OF 
VIDEO 
TO 
MONITOR 
• 


FIGURE 4: 
TYPICAL 
READ TIMING 
FOR SRB CASCADED 
CONFIGURATION 


\~------! 
r-J 
r-J 


Noles: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
EXAMPLE IS FOR N+3 CHARACTERS TOTAL 
A, B REFER TO DEVICES A&B IN FIGURE 5 


FIGURE 5: 
TYPICAL 
CASCADE OF SINGLE ROW BUFFERS-270 
BYTES TOTAL 


ClRCNT 
WREN 
DOUT~0 
ClK 
CKEN 
ROW BUFFER 


A 


ClRCNT 
WREN 
ClK 
CKEN 


Circuit 
diagrams 
utilizing SMC 
products are included as a means of illustrating 
typical semiconductor 
applica- 
tions; consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 


information 
has been carefully 
checked 
and is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is 


assumed for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser of the semiconductor 


devices described 
any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve 
design and supply the best product 
possible. 


STANDARD MICROSYSTEMS 
OORPORATnNI 


CRT Video Processor 
and Controller 
VPAC™ 
FEATURES 
o Fully Programmable Display Format 


Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 
o Programmable Monitor Sync Format 


Raster Scans/Frame (4-2048) 
Front Porch - 
Horizontal (Negative or Positive) 


-Vertical 


Sync Width - 
Horizontal (1-128 Character Times) 


- 
Vertical (2-256 Scan Lines) 


Back Porch - 
Horizontal 


-Vertical 
o Direct Outputs to CRT Monitor 
Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 
o Binary Addressing of Video Memory 
o Row-Table Driven or Sequential Video Addressing Modes 
o Programmable Status Row Position and Address Registers 
o Bidirectional Partial or Full Page Smooth Scroll 
o Attribute Assemble Mode 
o Double Height pata Row Mode 
o Double Width Data Row Mode 
o Programmable DMA Burst Mode 
o Configurable with a Variety 
of Memory'Contention 
Arrangements 
o Light Pen Register 
o Cursor Horizontal and Vertical 
Position Registers 
o Maskable Processor Interrupt Line 
o Internal Status Register 
o Three-state Video Memory Address Bus 
o Partial or Full Page Blank Capability 
o Two Interlace Modes: Enhanced Video and Alternate 
Scan Line 


CRT9007A2* 
CRT9007A1* 


CRT9007A 
CRT9007B 
CRT9007C 


*PRELIMINARY 


VA21 
VA102 


VA33 
VAll 
4 


VA125 
VA4 6 
VA137 


VA58 


VA69 
VA7l0 
VLT 11 
\IS 12 
HS13 
cCIJ< 14 
rJm!15 


VD716 
VD617 
VD518 
VD4l9 


VD320 


40GND 


39 VA9 
38 VAl 


37VA8 


36 VAO 
35 CBLANK 


34 CURS 
33AC~ 
32 CS'i'NCILPSTB 
31 SLD/SLO 
30SEGISL1 
29 WBEN/SL2ICS'i'NC 


28 DMARISL3NBLANK 
271NT 


26l'iST 
25CS 
24 VDO 


23VDl 
22VD2 
21 +5V I 
D 


PA 
G 
S 40-pin DIP' 


o Ability to Delay Cursor and Blanking with respect to 


Active Video 
o Programmable for Horizontal Split Screen Applications 
o Graphics Compatible 
o Ability to Externally Sync each Raster Line, each Field 
o Single +5 Volt Power Supply 
o TTL Compatible on All Inputs and Outputs 
o VT-100 Compatible 
o RS-170 Interlaced Composite Sync Available 


The CRT 9007 VPAC'· 
is a next generation video processorl 


controller-an 
MOS LSI integrated circuit which supports either 


sequential or. row-table driven memory addressing modes. As 
indicated by the features above, the VPAC'· provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis- 
play. Smooth or jump scroll operations may be performed any- 
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen. 
In the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux- 
iliary address registers and two sequentialbreakregisters,a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 


In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater fleXibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential 
memory locations. 
Operations 
such as data row 


insertion, deletion, and replication are easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 
The VPAC ,. works with a variety of memory contention schemes 
inclUdingoperation with a Single Row Buffersuch asthe CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display- 
able scan line. 
User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPAC'· status. 
Ten of these registers are used for screen formatting with the abi- 
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the "vital screen 
parameters". 
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PIN NO. 
NAME 
SYMBOL 
FUNCTION 
7,5,4,2,39, 
Video Address 
VA13-VAO 
These 14 signals are the binary address presented to the video memory by the CRT 9007. 


37,10,9,8,6, 
13-0 
The function depends on the particular CRT 9007 mode of operation. VA13·6 are outputs 
3,1,38,36 
only. VA5-0 are bidirectional. 
-Double 
Row Buffer Configuration: 


VA13-0 are active outputs for the DMA operations and are in their high impedance state at 
all other times. 
-Single 
Row Buffer Configuration: 


VA13-0 are active outputs during the first scan line of each data row and are in their high 
impedance state at all other times. 
-Repetitive 
Memory Addressin~ Configuration: 


VA13·0 are active outputs at a I times except during horizontal and vertical retrace at which 
time they are in their high impedance state. 


If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA13·0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row tabie address. For processor read/write operations 
VA5-0 are inputs that select the appropriate internal register. 


16,17,18,19, 
Video Data 7-0 
VD7·VDO 
Bidirectional video data bus: during processor Read/write operations data is transferred via 
20,22,23,24 
VD7-VDO when chip strobe (CS) is active. These lines are in their hi~h impedance state 
when CS is inactive. During CRT 9007 DMA operations, data from video memory is input via 
VD7-VDO when a new row table address is beinBretrieved or when the attribute latch is being 
updated in the attribute assemble mode. VD7·V 
0 are outputs when the external row buffer 


is updated with a new attribute in the attribute assemble mode. 


25 
Chip strobe 
CS 
Input; this signal when active low, allows the processor to read or write internal CRT 9007 
registers. When reading from an internal CRT 9007 register, the chip strobe (CS) enables the 
output drivers. When writin~ to an internal CRT 9007 register, the trailing edge of this signal 
latches the incoming data. 
igure 2 shows all processor read/write timing. 


26 
Reset 
RST 
Input; this active low sign.illPuts the CRT 9007 into a known, inactive state and insures 
that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera- 
tion. See processor addressable registers section, Register 16 for the reset state definition. 


27 
Interrupt 
INT 
Output; an interrupt to the processor from the CRT 9007 occurs when this signal is active 
high. The interrupt returns to its inactive low state when the status register is read. 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 
11 
Visible Line Time 
VLT 
Output; this signal is active high during all visibie scan lines and during the horizontal trace 
times at vertical retrace. This signal can be used to gate the character clock (CCLK) when 
supplying data to a character generator from a single or double row buffer. 
12 
Vertlcai Sync 
VS 
Open drain output; this signal determines the vertical position of displayed text by initiating a 
verticai retrace. Its position and pulse width are user programmable. The open drain allows 
the vertical frame rate to be synchronized to the line frequency when using monitors with DC 
coupled vertical amplifiers. If the VS output is pulled active low externally before the CRT 
9007 itself initiates a vertical synQ,.lhe CRT 9007 will start its own vertical sync at the next 
leading edge of horizontal sync (HS). 
13 
Horizontal Sync 
HS 
o~en drain output; this signal determines the horizontal position of disf.lat,ed text by initiating 
a 
orizontal retrace. Its position and pulse width are user programmab e. 
urlng hardware 
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 
to be synchronized to an external source. If the HS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start its own horizontal sync on 
the next character clock (CCLK). 
14 
Character Clock 
CCLK 
Input; this signal defines the character rate of the screen and is used by the CRT 9007 for 
all internal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 


15 
Data Row 
DRB 
Output: this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
Boundary 
edge) at the top scan line of each new data row. This signal can be used to swap buffers in 
the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA13-VAO)for single row buffer operation. There will always 
be one extra DRB signal which will become active during the first scan line of the vertical 
retrace interval. 


34 
Cursor 
CURS 
Output; this signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one character time at the particular character 
position for all scan lines within the data row. For double height or width characters, this sig- 
nal is active for 2'Consecutive CCLK's in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 
CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double heighVwidth for details. 


35 
Composite Blank 
CBLANK 
Output. This si~nal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. 
he signal remains active for the entire retrace interval as programmed. It is 


used to blank the video to a CRT. 
I 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 
28,29,30,31 
Scan Line 3- 
SL3-SLO 
Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate 


Scan.Line 0 
to the character generator the current scan line. These signals continue to be updated 
during the vertical retrace interval. SL3 and SL0 are the most and least significant 
bits respectiveiy. 
28 
Direct Memory 
DMAR 
Output; this signal is the DMA request issued by the CRT 9007. It will only become active if 


Access Request 
the acknowledge (ACK) input is inactive. It remains active high throughout the entire 
DMA operation. 


28 
Vertical Blank 
VBLANK 
Output; this signal is active high only during the vertical retrace period. 


29 
Write Buffer 
WBEN 
Output; this active high signal is used to gate the clock feeding the write buffer in a double 
Enable 
row buffer configuration. 


290r32 
Composite Sync 
CSi'NC 
Output; this signal provides a true RS-170 composite sync waveform with equalization pulses 
and vertical serrations in both interlace and noninterlace formats. Figure 3 illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 
30 
Scan Line Gate 
SLG 
Output; this active low s~nal is used as a clock gate. It captures the correct 5 or 6 CCLK's 
and, in coniunction with 
LD (pin 31), allows scan line information to be loaded serially into 
an extern a shift register. 


31 
Scan Line Data 
SLD 
Output; this signal allows one to load an external shift register with the current scan li~ 
count. The count is presented least significant to most significant bit during the 5 or 6 CCLK's 
framed by SLG. With this form of scan iine representation, it is possible to define up to 32 
scan lines per data row. 
The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 
in interlace or double height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 


32 
Light Pen Strobe 
LPSTB 
Input; this signal strobes the current row/column position into the light pen register at its posi- 
tive transition. 
33 
Acknowledge 
ACK 
Input; this active high signal acknowledges a DMA request. It indicates that the processor 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable amount of time. 


33 
Three State 
TSC 
Input; this signal, when active low, places VA13-VA0 in their high impedance state. 


Control 


Single Row Buffer Operation 


The CRT 9007 configured 
with a CRT 9006 Single Row 


Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires 
that the buffer be loaded at the video 


painting rate during the top scan line of each data row. How- 
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance 
state for the remaining 
N- 


1 scan lines of the data row, thereby permitting full proces- 


sor access 
to memory 
during these scan lines. The per- 


centage 
of total memory 
cycles available to the processor 


is approximately 
[(N-1 )/N] x 100 where N is the total num- 


ber of scan lines per data row. For a typical system with 12 
scan lines per data row this percentage 
is 92%. Figure 7 


illustrates typical timing for the CRT 9007 used with the CRT 
9006 Single Row Buffer. 
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Double Row Buffer Operation 


Figure 8 shows the CRT 9007 used in conjunction 
with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting 
rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying 
data to the character generator 


for the current displayed 
data row, the write buffer is being 


loaded 
with 
the 
next 
data 
row to be displayed. 
This 


arrangement 
allows for relaxed write timing to the write buffer 
as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, 
the CRT 9007 takes 
advantage 
of the relaxed 
write 
buffer timing 
by stealing 
memory 
cycles 
from the processor 
to fill the write' buffer 


(Direct memory 
access operation). 
The CRT 9007 sends 


the DMAR (DMA request) signal, awaits an ACK (acknowl- 
edge) signal and then drives out on VA13-VAO the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example 
there are 80 characters 
per data row, the CRT 9007 performs 
80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed 
during each DMAR-ACK 
sequence, 
as well as 


the delay between each DMAR-ACK 
sequence, via the DMA 


CONTROL 
REGISTER 
(RA). 
If 8 DMA operations 
are 


performed 
for each ACK received, 
10 such DMAR-ACK 


sequences 
must be performed 
to completely 
fill the write 


buffer. The programmed 
delay allows the user to evenly 


distribute 
the DMA operations 
so as not to hold up the pro- 


cessor 
for an excessive 
length of time. This feature 
also 


permits other DMA devices to be used and allows the pro- 
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 


Since the CRT 9212 Double Row Buffer has separate inputs 
for read and write clocks 
(RCLK, WCLK), 
it is possible to 
display 
proportional 
character 
widths 
(variable 
number of 


dots per character) 
by reading out the buffer at a character 
clock rate determined 
by the particular 
character. The writ- 


ing of the buffer can be clocked from a different 
and con- 


stant character 
clock. 
Figure 
10 illustrates 
the CRT 9007 


used with two double 
row buffers and a CRT 9021 Video 


Attributes 
Controller 
chip to provide proportional 
character 


display. 
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Repetitive Memory Addressing 
Operation 


In this 
operation 
mode, 
the CRT 9007 
will repeat 
the 


sequence 
of video addresses 
for every scan line of every 


data row. The CRT 9007 address 
bus will enter its high 


impedance 
state 
during 
all horizontal 
retrace 
intervals 


(except 
the retrace 
interval 
at a data row boundary 
if the 


CRT 9007 is configured 
in a row driven addressing 
mode). 


This 
arrangement 
allows 
for such 
low end contention 


schemes 
as retrace 
intervention 
(the processor 
is only 


allowed 
access to video memory 
during retrace intervals) 


and processor 
priority 
(the processor 
has an unlimited 


access to video memory). 
A high end contention 
scheme 


can be employed 
which uses a double speed memory such 


that in a single character 
period both the processor 
and the 


CRT 9007 are permitted 
access to video memory 
at pre- 


determined 
time slots. Figure 11 illustrates 
the CRT 9007 


configured 
with a double speed memory. Typical timing for 


this mode is illustrated 
in figure 12. 
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Attribute Assemble Operation 


This configuration 
allows the user to retain an 8 bit wide video 


memory 
in which attributes 
occupy"memory 
locations 
but 
not positions 
on the CRT. This mode assumes 
that every 
other display 
position 
in video memory 
contains 
an attri- 


bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character 
loca- 


tion is addressed. 
The attribute data is driven out along with 


a WBEN 
signal allowing 
the character 
plus its associated 
attribute to be written simultaneously 
to two 8 bit double row 
buffers. Figure 13 illustrates the memory organization 
used 


for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 


Figure 14 shows the CRT 9007 configured 
in the Attribute 
Assemble 
mode 
used with two CRT 9212 Double 
Row 
Buffers 
and 8, 16Kx1 dynamic 
RAMS. This mode, since it 
retains an 8 bit wide memory while providing all the advan- 
tages 
of a 16 bit wide memory, 
lends itself to some cost 
effective 
designs using dynamic 
RAMS. The CRT 9007 will 


refresh 
dynamic 
RAMS because 
twice the number of the 
programmed 
characters 
per data 
row are accessed 


sequentially 
for each data row.' Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 
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'Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 


CRT 9007 can be programmed with about 5 more "dummy" data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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Smooth Scroll Operation 


Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at a time. 2 user 
programmable 
registers 
allow one to define the "start data 


row" and the "end data row" for the smooth 
scroll opera- 


tion. 
A SMOOTH 
SCROLL 
OFFSET 
REGISTER 
(R17), 
when used in conjunction 
with a CRT 9007 vertically timed 


interrupt, 
allows the user to synchronize 
the update of the 


offset register to the vertical frame rate. The offset register 
causes 
the scan line counter 
outputs 
of the CRT 9007 to 


start at the programmed 
offset value rather than zero for 


the data row that starts the smooth scroll interval. To allow 
complete 
flexibility 
in smooth scroll direction 
and rate, one 
can update the offset register in the positive as well as neg- 
ative direction 
and can also offset any number of scan lines 


each frame. 
Since a smooth scroll can momentarily 
result 


in a partial data row consisting 
of one scan line, the loading 


of the write buffer under DMA operations 
for the start and 


end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition 
overrides 
the programma- 


ble DMA CONTROL 
REGISTER 
(RA). 
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Row Table Addressing 


In this addressing 
mode, each data row in video memory is 
designated by its own starting address. This provides greater 
flexibility 
with respect to screen operations 
than with other 
addressing 
schemes used by previous CRT controllers. The 
row table, which is a list of starting addresses 
for each data 
row, can be configured 
in one of 2 ways. The choice of row 
table format 
is highly dependent 
upon the particular 
appli- 
cation and the programmer's 
preference 
since each format 
allows full utilization 
of the CRT 9007 features. 


Contiguous 
Row Table Format. 


In this format, the TABLE START REGISTER 
(RC and RD) 
points to the address where the row table begins. The con- 
tents of the first 2 locations 
define the starting 
address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant 
bits of the sec- 
ond byte define double 
height/width 
characteristics 
to the 
current data row. The contents 
of the third and fourth loca- 
tions define the address where the second data row begins. 
Figure 16 illustrates 
the contiguous 
row table organization 
in video memory. 


Linked List Row Table Format 


In this format the TABLE START REGISTER 
(RC and RD) 
points 
to the 
memory 
location 
which 
starts 
the entire 
addressing 
sequence 
into operation. 
The first byte read is 


the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row's start address. The 2 most significant 
bits of the second byte define double height/width 
charac- 
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char- 
acters of the current data row. Figure 17 illustrates the linked 
list row table organization 
in video memory. 


Row 
{ 
Table 
In 
Memory 


1st 
{ 
Oete 
Row 


2nd 
{ 
Osla 
Row 


3rd 
{ 
DaIs 
Row 


r-t 
Table 
Slart 
Register 


J 


A 
}- 
B 


C 
}- - 
0 


E 
} 
F 


000 


1st Char -- 
2nd Char 


000 


Last 
Char 
000 


1st Char 


2nd Char 


0 
0 
0 


Last 
Char 
00 


1st Char 


2nd 
Char 
000 


Last 
Char 


FIGURE 
16: 
CONTIGUOUS 
ROW TABLE ADDRESS 
FORMAT 
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Row table address for third data row 
r--"----. 


Sequential Addressing' 
is read by the CRT 9007 for display refresh, the internal video 
In this addressing 
mode, characters 
on the display screen 
address 
register is incremented 
by one to access the next 


are located 
in successive 
memory 
locations. 
The TABLE 
character. 
START 
REGISTER 
(RC and RD) points to the address of 
For more versatile 
systems 
operation 
in the sequential 
the first character 
of the first data row on the screen. In this 
addressing 
mode, 
SEQUENTIAL 
BREAK 
REGISTER 
1 


mode the TABLE START REGISTER 
does not point to the 
(R10) and SEQUENTIAL 
BREAK REGISTER 
2 (R12) may 
start of a table butthe start of the screen. As each character 344 be used to define 
the data rows at which two additional 


'SEQUENTIAL 
BREAK 2 is not functional 
in the repetitive 
memory addressing mode. It is fully functional in all other operation modes. 


sequential 
display areas begin. Note that DATA ROW END 


REGISTER 
(R12) 
is defined 
as SEQUENTIAL 
BREAK 


REGISTER 
2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined 
by AUXILIARY 
ADDRESS 
REGISTER 
1 (RE 


and RF) and AUXILIARY 
ADDRESS 
REGISTER 2 (R13 and 


R14). When the raster begins painting a data row equal to 
the number 
programmed 
in one of the sequential 
break 


registers, 
the CRT 
9007 
addresses 
the video 
memory 


sequentially 
starting 
with the address specified 
by the cor- 


responding 
auxiliary 
address register. Figure 18 illustrates 


a display with 80 characters 
per data row having sequential 


breaks at data rows 3 and 6. 


Using the sequential 
addressing 
mode with 2 breaks, it is 


possible 
to roll a portion of the screen and keep the rest of 


the screen stable. Double height/width 
characteristics 
can 


be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant 
bits of AUXILIARY 
ADDRESS 
REGIS- 


TERS 1 and 2. See the description 
of these 2 registers for 


their bit definition. 


TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 = 2000 
AUXILIARY ADDRESS REGISTER 2 = 0800 
SEQUENTIAL BREAK REGISTER 1 = 3 
SEQUENTIAL BREAK REGISTER 2 = 6 


Address 
range 
1000 to 104 F 
1050 to 109F 
10All) to 10EF 
2000 to 204F 
(Break 1) 


2050 to 209F 
20All) to 20EF 
0800 to 084F 
(Break 2) 


0850 to089F 
08A0 to08EF 
ooo 


Figure 18: Sequential Addressing Example 
With Two Breaks 


Data Row 
o 
1 
2 
3 
4 
5 
6 
7 
8 


Double HeightlWidth 
Operation 


When double 
height/width 
characters 
(2XH/2XW) 
are dis- 
played, the following 
will occur: 


1. the CRT 9007 will address half as many characters for 


each data row by incrementing 
its address every other 


character 
clock. 


2. the high speed video shift register supplying serial video 


to the CRT must shift out dots at half frequency. 


3. For double height, the scan line counter outputs (SL3- 
SLO or SLG, SLD) are incremented 
every other scan 


line. 


The CRT 9007 is informed 
of the double height or double 


width display 
modes via the 2 most significant 
bits of the 


row table address or the 2 most significant 
bits of the AUX- 


ILIARY 
ADDRESS 
registers 
depending 
on the selected 


addressing 
mode. 
In any case, 
once the information 
is 


obtained 
by the CRT 9007, it must initiate the 3 tasks listed 


above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed 
using the CURS output of the CRT 9007 dur- 
ing CBLANK 
(horizontal 
retrace) to signal the external logic 


that a change in the dot shift frequency is required. The exact 
time of activation 
and deactivation 
of the CURS signal dur- 


ing horizontal 
retrace 
is a function 
of addressing 
mode, 
operation 
mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation 
and deactivation 


times as a function of the buffer configuration 
and address- 


ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent 
scan lines, the CURS signal is activated 
3 


CCLK's after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK's 
to allow the cursor to be displayed 
as 


double width. If the cursor position is programmed 
to reside 


OPERATION 
ADDRESSING MODE 


MODE 
Row Driven (linked list 
or contiguous) 
Sequential 


Repetitive Memory 
1 CCLK after high byte 
1 CCLK after TSC 


Addressing 
of row table read 
leading edge 


1 CCLK after high byte 
1 CCLK after TSC 
Single row buffer 
of row table read 
leading edge 


1 CCLK after high byte 
1 CCLK after ACK 
Double row buffer 
of row table read 
leading edge 


in the top half of a double 
height data row, it may become 


active for all scan lines in both the current and next data row 
to allow the cursor to be displayed 
as double height. 


For row driven addressing, 
a particular 
data row or pair of 


data rows can appear 
in one of the following 
ways as a 


function 
of the two most significant 
bits of the row table 


address 
(bits 15 and 14). 


-Single 
height, 
single width (Row table address 
bits 15, 


14 = 00). The CRT 9007 will display the particular 
data 


row as single height, single width. 


-Single 
height, double width (Row table address bits 15, 


14 = 01). The CRT 9007 will display the particular 
data 


row as single height double width by accessing 
half as 


many characters 
as appear 
in a single width data row. 


The CURS 
signal 
becomes 
active 
during 
horizontal 


retrace in the manner described 
previously. 


-Double 
height, double width top half (Row table address 


bits 15,14 
= 10). In addition to providing the special tim- 


ing associated 
with single height double width data rows, 


the scan 
line counter 
is started 
from zero and incre- 


mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row). 
In this way, new dot information appears every other scan 
line and the top half of the data row appears 
in N scan 


lines. 


-Double 
Height, 
Double 
Width 
Bottom 
Half (Row table 


address 
bits 
15, 14 = 11)-Same 
as Double 
Height, 


Double Width Top except the scan line counter is started 
from N/2 (or (N-1 )/2 if N is odd), and incremented 
every 


other scan line until N scan lines are painted. 
In single 


row buffer operation, 
a double 
height bottom data row 


can only stand alone during a smooth 
scroll operation; 


otherwise 
it is assumed 
to follow 
a double 
height 
top 


data row. 


• 


OPERATiON 
ADDRESSING MODE 


MODE 
Row driven (linked list 
or contiguous) 
Sequential. 


Repetitive Memory 
at the leading edge of 
at the leading edge of 


Addressing 
VLT 
VLT 


at the leading edge of 
at the leading edge of 


Single row buffer 
VLT 
VLT 


1 CCLK after leading 
1 CCLK after leading 


Double row buffer 
edge of CURS 
edge of CURS 


Table 1: Double HeightIWidth CURSactivation for top scan 
Table 2: Double HeightlWidth CURSdeactivation for top scan 
line of new data row. 
line of new data row. 
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All CRT 9007 
registers 
are selected 
by specifying 
the 
address on VA5-0 and asserting 
CS. All 14 bit registers are 
written or read as two consecutive 
8 bit registers addressed 
low byte first. Only the VERTICAL 
CURSOR 
REGISTER 
and the HORIZONTAL 
CURSOR 
REGISTER are read/write 


registers 
with 2 different 
addresses 
for read or write oper- 
ations. The register address assigned to each register rep- 
resents the actual address 
in hexadecimal 
form that must 
appear on VA5-0. Figure 2 illustrates 
all processor 
to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize 
all 
register bits and provide register addresses. 
HORIZONTAL 
TIMING REGISTERS 


The following 
4 registers 
define 
the horizontal 
timing 
parameters. 
Figure 19 relates the horizontal timing to these 


registers. 
CHARACTERS 
PER HORIZONTAL 
PERIOD (RO) 


This 8 bit write only register, programmed 
in units of char- 
acter times, 
represents 
the total number 
of characters 
in 


the horizontal 
period (trace plus retrace time). This register 
is programmed 
with the binary 
number 
N where 
N is the 


total characters in the horizontal period. The horizontal period 
should not be programmed 
for less than 12 characters. 


CHARACTERS 
PER DATA ROW (R1) 


This 8 bit write only register, programmed 
in units of char- 


acter times, represents 
the number of displayable 
charac- 
ters during the horizontal 
trace interval. The difference 
RO 
minus R1 represents the number of character times reserved 
for horizontal 
retrace. This register is programmed 
with the 


binary number (N-1) where N is the displayable 
characters 


per data row. 


HORIZONTAL 
DELAY (R2) 


This 8 bit write only register, programmed 
in units of char- 


acter times, represents 
the time between the leading edge 
of horizontal 
sync and leading edge of VLT. This register is 


programmed 
with N where 
N represents 
the time of hori- 


zontal 
delay. 
By programming 
this time greater 
than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 


HORIZONTAL 
SYNC WIDTH (R3) 


This 8 bit write only register defines the horizontal sync width 
in units of character 
times. The start of the sync pulse is 


defined 
by the HORIZONTAL 
DELAY REGISTER 
and the 


end is independent 
of the start of the active display time. 


This register is programmed 
with N where N is the horizon- 


tal sync width. However 
this register must be programmed 


less than or equal to [(N2)-1] 
where A is the programmed 


contents 
of REGISTER 
0 rounded 
to the smallest 
even 


integer. 


The following 
5 registers 
define the vertical timing param- 


eters. 
Figure 20 relates the vertical 
timing to these regis- 
ters. 
VERTICAL 
SYNC WIDTH (R4) 


This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is'defined 
by;the 
delay 
register 
(R5) and the end is independent 
of 


the start 
of the active 
display 
time. This register 
is pro- 


grammed 
with N where N is the vertical SYNC width. 


VERTICAL 
DELAY (R5) 


This 8 bit write only register, 
programmed 
in units of hori- 


zontal periods, represents the time between the leading edge 
of vertical 
sync and the leading edge of the first VLT after 


the vertical retrace interval. This register is programmed with 
(N+1) where N represents 
the time of the vertical delay. 


VISIBLE DATA ROWS PER FRAME (R7) 


This 8 bit write only register defines the number of data rows 


displayed 
on the screen. This register is programmed 
with 


(N-1) where N is the number of data rows displayed. 


SCAN LINES PER DATA ROW (R8) 


The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed 
with 


(N-1) where N is the number of scan lines per data row. When 
programming 
for scan lines per data ro'Sc'l3eater than 16, 


only the serial scan line pin option (SLD, 
) can be used. 


SCAN LINES PER VERTICAL PERIOD (R8; R9) 
Registers 
R9 and the 3 most significant 
bits of R8 define 


the number 
of scan lines for the entire frame. R8 contains 


the 3 most significant 
bits of the 11 bit programmed 
value 


and R9 contains 
the 8 least significant 
bits of the 11 bit pro- 


grammed 
value. The 11 bits are programmed 
with N where 


N is the number 
of scan lines per frame. 
In the 2 interlace 


modes, 
the programmed 
value represents 
the number of 


scan lines per field. 


01( 
ONE 
SCAN 
LINE 
• 


••• 
R1 
• r(RO-R1)-- 


RO 


I 
~R2. 


VLT 
I 
ACTIVE 
DISPLAY 
TIME 
I 
I 


HOR. SYNC 
I 
I~R3~ 


FIGURE 
19: CRT 9007 HORIZONTAL 
TIMING 


ONE 
COMPLETE 
FRAME 
~ 


~ 
R7 x R8 
~I 


R9 


I 
f'+RS'- 


VERT. BLANKING 
I 
I 
I 
I 
(NO SKEW) 
DATA 
ROW 
DISPLAY 
TIME 


VERT. SYNC 
I 
FR4_L 


FIGURE 20: CRT 9007 VERTICAL TIMING 


PIN CONFIGURATION/SKEW 
BITS REGISTER (R6) 


This 8 bit write only register 
is used to select certain 
pin 


configurations 
and to skew (delay) the cursor and the blank 


signals independently 
with respect to the video signal sent 


to the monitor. The bits take on the following 
definition: 


Bit 7, 6 (Pin Configuration) 


These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations 
as a function of double row buffer mode and 


non double 
row buffer mode. (The buffer mode is defined 


in the CONTROL 
REG ISTER bits 3, 2, and 1.) The attribute 


assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 


Bits 5, 4, 3 (Cursor skew) 


These three bits define the number of character 
clocks the 


cursor signal is skewed (delayed) from the VLT signal. The 


REGISTER 
R6 BITS 
CRT 9007 PIN NUMBER 


7 
6 
28 
29 
30 
31 
32 
33 


0 
1 
DMAR 
WBEN 
SI:G SLD 
CSYNC 
ACK 
1 
1 
DMAR 
WBEN 
SI:G SLD 
LPSTB 
ACK 


0 
0 
NOT PERMITTED 


1 
0 
NOT PERMITTED 


VLT signal is active for all characters 
within a data row and 


a non skewed 
cursor will always become active within the 


active VLT time at the designated 
position. The cursor can 


be skewed from a to 5 character 
clocks (Bits 5, 4 and 3 pro- 


grammed 
from 000 to 101, bit 5 is the most significant 
bit; 


bit 3 is the least significant bit). For double heighVwidth data 
rows, the cursor signal appearing 
during horizontal 
retrace 


is also skewed as programmed. 


Bits 2, 1, a (Blank skew) 
• 


Thhe:sethrlebe 
l 
biktsdefine the nfum 
h 
bCerBoLAf 
cNhaKracterclocks the 
_ 
onzonta 
an 
component 0 t e 
Signal is skewed 
(delayed) 
from the VLT signal. The edges of VLTwill line up 


exactly with the edges of the horizontal 
component 
of the 


CBLANK 
signal if no skew is programmed. 
The CBLANK 


can be skewed from a to 5 character 
clocks (Bits 2, 1 and a 


programmed 
from 000 to 101, bit 2 is the most significant 


bit; bit a is the least significant 
bit). 


REGISTER 6 
BITS 
CRT 9007 PIN NUMBER 


7 
6 
28 
29 
30 
31 
32 
33 


0 
0 
SL3 
SL2 
SL1 SLO CSYNC Tsc:: 


1 
0 
SL3 
SL2 
SL1 SLO 
LPSTB 
TSC 


1 
1 
VBLANK 
CSYNC sm 
SLD 
LPSTB TSC 


0 
1 
NOT PERMITTED 


Table 5: Pin configuration 
for Single Row Buffer and Repetitive 


Memory Addressing 
Modes. 


DMA CONTROL 
REGISTER (RA) 


This 8 bit write only register allows the user to set up a DMA 
burst count and delay as well as disable the DMA mecha- 
nism of the CRT 9007. The register bits have the following 
definition: 


Bit 7 (DMA Disable) 


A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13- 
VAO) will enter its high impedance 
state. After enabling the 


DMA mechanism 
by setting this bit to a logic zero, a start 


command 
must be issued (see START COMMAND, 
R15). 


Bits 6, 5, 4 (DMA Burst Delay) 


These 
3 bits' define 
the number 
of clock delays 
(CCLK) 


between 
successive 
DMAR-ACK 
sequences. 
Bii 6 is the 


most and bit 4 is the least significant 
bit respectively. 
When 


programmed 
with a number N, the CRT 9007 will delay for 


4 (N + 1) clock cycles before initiating another DMA request. 
If 111 is programmed, 
however, this will result in a LeiC dol"lv 


allowing 
all characters 
to be retrieved 
from video RAM in 


one DMA burst regardless 
of the value programmed 
for the 


DMA burst count. 


Bits 3, 2, 1, a (DMA Burst Count) 


These 4 bits define the number of DMA operations 
in one 


DMAR-ACK 
sequence. Bit 3 is the most and bit a is the least 


significant 
bit respectively. 
When programmed 
with a num- 


ber N, the CRT 9007 will produce 4 (N + 1) DMA cycles before 
relinquishing 
the bus. When 
programmed 
with 0000, the 


minimum 
DMA Burst will occur (4 x 1 = 4) and when pro- 


grammed 
with 
1111 the maximum 
DMA Burst will occur 
(4x 
16=64). 
When bits 6,5, 
and 4 are programmed 
with 


111, no DMA delay will occur and the Burst count will equal 
the number 
of programmed 
characters 
per data row as 
specified 
in R1. Refer to figures 9 and 15 which illustrate a 


DMA burst of 16 and a DMA delay of 8 for double row buffer 
and attribute 
assemble 
modes respectively. 
For single row 


buffer operation, 
no DMA delay is permitted 
and bits 6, 5, 4 


must be programmed 
with 000. 


CONTROL 
REGISTER (RB) 


This 7 bit write only register controls 
certain frame opera- 


tions as well as specifying 
the operation 
mode used. Inter- 


nal to the CRT 9007, this register is double buffered. Changes 
in the re!;lister are reflected into the CRT 9007 at a particular 
time durrng vertical 
retrace. This allows the user to update 


the CONTROL 
REGISTER 
at any time without running the 
risk of destroying 
the frame or field currently being painted. 
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The bits take on the following 
definition: 


Bit 6 (PB/SS) 
= 0; The smooth 
scroll 
mechanism 
is enabled 
per- 
mitting 
the SMOOTH 
SCROLL 
OFFSET 
REGIS- 
TER (R17) to be loaded in the scan line counter (SL3- 
a or SLG, SLD signals) 
allowing for a scroll on the 
screen of a predetermined 
number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER 
(R11) and DATA ROW END REGIS- 
TER (R12) respectively. 


1 ; The 
page 
blank 
mechanism 
is enabled. 
The 
CBLANK 
signal is made active high for a continu- 
ous period of time starting 
and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11) 
and 
DATA 
ROW 
END 
REGISTER 
(R12) 
respectively. 


Bits 5,4 (Interlace)-these 
2 bits define one of 3 displayed 
modes as illustrated 
in figure 21 
= 00; Non interlaced 
display 
= 10; Enhanced video interlace. This display mode will 
produce 
an interlaced 
frame 
with the same 
dot 


information painted in adjacent odd/even scan lines. 


= 11; Normal video interlace. 
This display mode will 
produce 
an interlaced 
frame with odd scan lines of 
characters 
displayed 
in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height 
since 
it effectively 
doubles 
the 
character 
density on the screen. 


= 01; This combination 
is not permitted. 


Bits 3,2, 
1 (Operation 
modes): These 3 bits define the var- 
ious buffer configuration 
modes as follows: 
= 000; (Repetitive memory addressing)-In 
this mode 
the address 
information 
(VA13-VAO) appears 
dur- 
ing every visible scan line and the address bus enters 
its high impedance 
state during all retrace intervals. 


When using a row driven addressing 
mode (linked 
list or contiguous), 
the address 
bus is in the high 
impedance 
state for all retrace intervals except the 
horizontal 
retrace interval prior to the top scan line 
of a new data row. This period can be distinglJished 
from other retrace intervals 
because the ORB (data 
row boundary) 
signal is active. 


= 001; (Double 
row buffer)-In 
this mode, the CRT 
9007 will address 
a particular 
data row from video 
memory 
one data row prior to the time when it is 
displayed 
on the CRT. During vertical 
retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary 
(in this 
case at the end of vertical retrace), the first data row 
feeds the character generator while the second data 


row is retrieved 
from video memory. 
The address 


bus will enter its high impedance 
state in accord- 


ance 
with the DMA mechanism 
for address 
bus 


arbitration. 


= 100; (Single row buffer)-In 
this mode, during the 


first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
character 
generator 
at the painting rate of the CRT. 


If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. 
It will auto- 


matically 
enter the high impedance 
state at the end 


of the first visible scan line of each data row. If the 
CRT 9007 is used in a sequential 
addressing 
mode, 


it will drive the address 
bus only during the visible 


line time of the first scan line of each data row. 


= 111; (Attribute 
assemble)-In 
the attribute 
assem- 


ble mode, 
character 
data 
and attribute 
data are 
shared 
in consecutive 
alternating 
byte locations 
in 


memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute 
latch. During the 


next memory 
access, 
a character 
byte is fetched. 


At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. 
A WBEN signal is produced 
during every 


character 
byte fetch to allow the character 
and its 


associated attribute to be simultaneously 
latched into 


two double 
row buffers. 
This mode assumes 
that 
there exists twice as many byte locations 
as there 


are displayable character positions on the CRT. The 
first byte of every 
data row is assumed 
to be an 


attribute. 


All other combinations 
of the CONTROL 
REGIS- 
TER bits 3,2, 
1 are not permitted. 


Bit a (2XC/1 XC): This bit allows for either single or double 
height 
cursor 
display 
when the cursor 
is placed within a 


double height data row as follows: 


= 1; (Single 
height 
cursor)- 
The CURS 
signal will 
appear during every scan line for single height data 
rows and will appear only during the top half or bot- 
tom half of a double height data row depending upon 
where the VERTICAL 
CURSOR 
REGISTER 
(R18, 


R38) defines the CURSOR 
data row. 


= 0; (Double height cursor)-If 
the VERTICAL 
CUR- 


SOR REGISTER 
(R18, R38) places the cursor in 


the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if it is placed in a single height data row, 
the CURS 
signal will only appear 
during 
the one 


particular 
data row. 


CHARACTER 
CHARACTER 
CHARACTER 
SCAN 
LINE 
SCAN 
LINE 
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FIGURE 21: CRT 9007 INTERLACE MODES 
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TABLE START REGISTER (RG AND RD) 


This 16 bit write only register contains a 14 bit address which 
is used in a variety 
of ways depending 
on the addressing 


mode chosen; 
the 2 remaining 
bits define the addressing 


mode. 
Register 
C contains 
the lower 8 bits of the 14 bit 


address. 
The 6 least significant 
bits of register 
D contain 


the upper 6 bits of the 14 bit address. The 2 most significant 
bits of register 
D define four addressing 
modes as follows: 


Register 
D bits 7, 6: 
= 00; (Sequential 
addressing 
mode)- 
The CRT 9007 


will address video memory 
in a sequential 
fashion 


starting 
with the 14 bit address 
contained 
in REG- 


ISTER 
D bits 5-0 and 
REGISTER 
C bits 7-0. 2 


sequential 
breaks 
are 
allowed 
as defined 
by 


SEQUENTIAL 
BREAK 
1 (R10) using AUXILIARY 


ADDRESS 
REGISTER 
1 (RE 
and 
RF) 
and 


SEQUENTIAL 
BREAK 
2 (R12) using AUXILIARY 


ADDRESS 
REGI~TER 
2 (R13 and R14). 
= 01; (Sequential 
roll addressing 
mod e)- 
The CRT 


9007 
will address 
video 
memory 
in a sequential 


fashion starting with the 14 bit address contained 
in 


REGISTER 
D bits 5-0 and REGISTER 
C bits 7-0. 
SEQUENTIAL 
BREAK 
REGISTER 
1 and AUXIL- 


IARY ADDRESS 
REGISTER 1 can be used to cause 


one sequential 
break as described 
in the sequential 


addressing 
mode. A second break in the sequential 


addressing can be defined by SEQUENTIAL 
BREAK 


REGISTER 
2 (R12) and AUXILIARY 
ADDRESS 


REGISTER2 
(R13and 
R14) permitting 
upt03sep- 


arate sequentially addressed screens to be painted. 
= 10; (Contiguous 
row table mode)- 
The CRT 9007 


will address video memory according 
to the contig- 


uous row table format. 
The 14 address 
bits con- 


tained 
in REGISTER 
D bits 5-0 and REGISTER 
C 


bits 7-0 define an address that points to the begin- 
ning of the contiguous 
row table. 


= 11; (Linked list row table mode)- 
The CRT 9007 will 


address 
video memory 
according 
to the linked list 


row table format. The 14 address 
bits contained 
in 


REGISTER 
D bits 5-0 and REGISTER 
C bits 7-0 


define the address 
at which the second 
row table 


entry and the first data row reside. 


AUXILIARY 
ADDRESS 
REGISTER 1 (RE and RF) 


This 16 bit write only register contains a 14 bit address. The 
6 least significant 
bits of REGISTER 
F contain 
the upper 


order 6 bits of the 14 bit address and REGISTER 
E contains 


the 8 lower order bits of the 14 bit address. 
When the cur- 


rent data row equals the value programmed 
in SEQUEN- 


TIAL BREAK REGISTER 
1 (R10) the remainder of the screen 


is addressed 
sequentially 
starting 
at the 14 bit address 


specified 
in this register. 
This sequential 
break overrides 


any row driven addressing 
mode used prior to the sequen- 


tial break. 


The 2 most significant 
bits of REGISTER 
F allow one to 


attach double height and/or double width characteristics 
to 


every data row in this sequentially 
addressed 
area in the 


following 
way: 


For Double 
row buffer or attribute 
assemble 
mode REG- 


ISTER F Bits 7, 6 


= 00; single height single width 
= 01; single height double width 
= 10; even data rows are double height double width 


top half odd data rows are double height double 
width bottom half 


= 11; odd data rows are double 
height double widthI 


top half even data rows are double height dou- 
_ 
ble width bottom half 


For Single row buffer or repetitive memory addressing mode 
REGISTER 
F Bits 7,6 


= 00; single height single width 
= 01; single height double width 


= 10; odd data rows are double 
height double width 


top half even data rows are double height dou- 
ble width bottom half 


= 11; even data rows are double height double width 


top half 
odd data rows are double 
height double width 


bottom half 


SEQUENTIAL 
BREAK REGISTER 1 (Rl0) 


This 8 bit write only register defines the data row number in 
which a new sequential 
video address begins as specified 


by AUXILIARY 
ADDRESS 
REGISTER 
1 (RE and RF). To 


disable the use of this break, the register should be loaded 
with a data row count greater than the number of display- 
able data rows on the screen. 


DATA ROW START REGISTER (Rll) 


This 8 bit write only register defines the first data row num- 
ber at which 
a page blank or smooth 
scroll operation 
will 


begin. 
Bit 6 of the CONTROL 
REGISTER 
determines 
if a 


page blank or smooth 
scroll operation 
will occur. 


defines the data row number which ends either a page blank 
or smooth 
scroll operation. 
The row numerically 
one less 


than the row defined 
by this register is the last data row on 


which the page blank or smooth scroll will occur. To use the 
page blank feature 
to blank a portion 
of the screen 
that 


includes 
the last displayed 
data row, this register must be 


programmed 
to zero. For sequential 
addressing, 
this reg- 
ister can cause a break in the sequential 
addressing 
at the 


data row number specified 
and a new sequential 
address- 


ing sequence 
begins at the address 
contained 
in AUXIL- 


IARY ADDRESS 
REGISTER 
2. 


~UXILIARY ADDRESS REGISTER 2 (R13 and R14) 
This 16 bit write only register contains a 14 bit address. The 
DATA ROW END/SEQUENTIAL 
BREAK 
6 least significant 
bits of REGISTER 
14 contain the upper 


order 6 bits of the 14 bit address 
and REGISTER 
13 con- 
REGISTER 
2 (R12) 
tains the 8 lower order bits of the 14 bit address. 
In the row 
This 8 bit write only register has a dual function depending 
driven addressing 
mode, this register is automatically loaded 
on the addressing 
mode used. For row driven addressing 
by the CRT 9007 with the current table address. 
The two 
(contiQuous 
or linked list as specified 
by the 2 most signifi- 
most significant 
bits of REGISTER 
14 specify one of four 
cant bits of the TABLE 
START 
REGISTER) 
this register 
combinations 
of row attributes 
(for example 
double height 
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double 
width) on a row by row basis. Refer to the section 
entitled 
Double 
Height/Double 
Width 
operation 
for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register 
can be loaded by the processor 
with a 14 bit 


address and a 2 bit row attributes field. The bit positions are 
identical 
for the row driven 
addressing 
mode. When the 


current data row equals the value programmed in DATA ROW 
END/SEQUENTIAL 
BREAK 
REGISTER 
2 (R12), 
the 


remainder 
of the screen is addressed 
sequentially 
starting 


at the location specified 
by the programmed 
14 bit address. 
The 2 most significant 
bits of register 14 allow one to attach 


double 
height and or double width characteristics 
to every 
data row in this sequentially 
addressed 
area. The bit defi- 
nitions take on the same.meaning 
as the 2 most significant 


bits of AUXILIARY 
ADDRESS 
REGISTER 
1 and affect the 


display in an identical 
manner. 


of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 


VERTICAL 
CURSOR REGISTER (R18 or R38) 


This 8 bit read/write 
register specifies the data row in which 


the cursor appears. To write into this register it is addressed 
as R18 and to read from this register it is addressed 
as R38. 


HORIZONTAL 
CURSOR REGISTER (R19 or R39) 


This 8 bit read/write 
register 
specifies 
the character 
posi- 


tion in which the cursor appears. 
To write into this register 


it is addressed 
as R19 and to read from this register 
it is 


addressed 
as R39. 


It should be noted that the vertical 
and horizontal 
cursor is 


programmed 
in an X-Y format 
with respect to the screen 


and not dependant 
upon 
a particular 
location 
in video 


memory. 
The cursor will remain stationary 
during all·scroll 


operations. 


START COMMAND 
(R15) 


After all vital screen parameters 
are loaded, a START com- 


mand can be initiated 
by addressing 
this dummy 
register 


location within the CRT 9007. A START command 
must be 
INTERRUPT 
ENABLE REGISTER (R1A) 
issued after the DMA mechanism 
is enabled 
(DMA CON- 
This 3 bit write only register allows each of the three CRT 
TROL REGISTER 
bit 7). 
9007 interrupt 
conditions 
to be individually 
enabled or dis- 
RESET COMMAND 
(R16) 
abled according 
to the following 
definition: 


The CRT 9007 can be reset via software 
by addressing 
this 
Bit 6 (Vertical retrace interrupt)- 
This bit, when set to a logic 
dummy location. Activation 
of the RST input pin or initiating 
one, will cause the CRT 9007 to activate the INT signal when 
this software 
command 
will effect the CRT 9007 in an iden- 
a vertical retrace (I.e., the start of the vertical blanking interval) 
tical manner. The reset state of the CRT 9007 is defined as 
begins. 


follows: 
Bit 5 (Light pen interrupt)- 
This bit, when set to a logic one, 


CRT 9007 outputs 
Reset state 
will cause the CRT 9007 to activate the INT signal when the 
VA 13-0 
High impedance 
LIGHT PEN REGISTER 
(R3B, R3C) captures an X-Y coor- 


VD7 -0 
High impedance 
dinate. This interrupt, which occurs at the beginning of vertical 
HS 
High 
retrace, 
reflects 
the occurrence 
of a LPSTB input on the 
VS 
High 
frame or field just painted. This interrupt 
need not be ena- 
CBLANK 
High 
bled when other CRT 9007 interrupt conditions 
are enabled 
CURS 
Low 
since the STATUS 
REGISTER 
(R3A) will flag the occur- 
VLT 
Low 
ance of a light pen update and servicing 
can be done off of 
ORB 
High 
other interrupts. 
INT 
Low 
Bit 0 (Frame timer)- 
This bit, when set to a logic one, allows 
Pin 28 
Low 
the CRT 9007 to activate the INT signal once every frame 
Pin 29 
Low 
or field at a time when a potential smooth scroll update may 
Pin 30 
Low 
occur. In this way the user can use the frame timer interrupt 
Pin 31 
Low 
as both a real time clock and can service 
smooth 
scroll 
Pin 32 
Low 
updates 
and other frame oriented 
operations 
by using the 
SMOOTH SCROLL OFFSET REGISTER (R17) 
appropriate 
status bits. This interrupt will occur after the last 


row table entry is read by the CRT 9007. In single row buffer 
This register 
is loaded with the scan line offset number to 
operation, 
this will occur one data row before the start of 
allow a smooth scroll operation 
to occur. The offset register 
vertical retrace. In double row buffer operation, this will occur 
causes the scan line counter output of the CRT 9007 to start 
two data rows before the start of vertical 
retrace. 


at the programmed 
value rather than zero for the data row 
S 
S 
S 


that starts the smooth 
scroll interval. The start is specified 
TATU 
REGI 
TER (R3A) 


inthe DATA ROW START REGISTER 
(R11).Typically,this 
This 
5 bit register 
flags 
the various 
conditions 
that can 
register is updated every frame and it ranges from zero (no 
potentially 
cause 
an interrupt 
regardless 
of whether 
the 
offset) to a maximum of the programmed 
scan lines per data 
corresponding 
condition 
is enabled for interrupt. In this way 
row (maximum offset). For example, if 12 scan lines per data 
some or all of the conditions 
can be reported to the proces- 
row are programmed 
(scan line 0 to scan line 11) an offset 
sor via the STATUS 
REGISTER. 
If some of the conditions 
of zero will cause an unscrolled 
display. An offset of one will 
are enabled for interrupt, 
the processor, 
in response 
to an 
cause a display 
starting 
at scan line 1 and ending at scan 
interrupt, 
simply 
has to read the STATUS 
REGISTER 
to 
line 11 (eleven scan lines total). An offset of eleven will cause 
determine 
the cause of the interrupt. The bit definition olthe 
a display starting 
at scan line eleven. 
STATUS REGISTER 
is as follows: 


The next scan line will be zero, starting the subsequent data 
Bit 7 (Interrupt 
Pending)- 
This bit will set when any other 
row. To allow smooth scroll of double height rows, the pro- 
status 
bit, having 
its corresponding 
interrupt 
enabled, 


grammed 
range of the register is from zero to twice the pro- 
experiences 
a 0 to 1 transition. 
In this manner, when the 
grammed 
scan 
lines per data row. Whenever 
the offset 
processor 
services 
a potential 
CRT 9007 interrupt, 
it only 
register if greater than the programmed 
scan lines per data 
has to test the interrupt pending bit to determine 
if the CRT 
row, bit 7 of the register must be set to a logic 1 (offset over- 
9007 caused 
the interrupt. 
If it did, the individual 
bits can 
flow). It must be set to a logic zero at all other times. The 6 
then be tested 
to determine 
the details 
of the CRT 9007 
bit offset value occupies 
bits 6 through 1. Bit 0 must always 
interrupt. 
Any 
noninterruptable 
status 
change 
(corre- 
be proQrammed 
with a logic zero. By setting the offset over- 
sponding 
interrupt 
enable bit reset to a logic 0) will not be 
flow (bit 7) to a logic 1, it is possible to have the bottom half 
reflected 
in the interrupt 
pending bit and must be polled by 
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the processor 
in order 
to provide 
service. 
The interrupt 


pending bit is reset when the status register is read. All other 
bits except 
Light Pen Update are reset to a logic a at the 


end of the vertical 
retrace interval. The light pen update bit 


is reset to a logic a when the HORIZONTAL 
LIGHT PEN 


REGISTER 
is read. 


Bit 6 (Vertical 
Retrace)-A 
logic 1 indicates that a vertical 


retrace interval 
has begun. 


Bit 5 (Light Pen Update)-A 
logic 1 indicates 
that a new 


coordinate 
has been strobed 
into the LIGHT PEN REGIS- 


TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER 
is read. The light pen coordinates may have 


to be modified 
via software 
depending 
on light pen char- 


acteristics. 


Bit 2 (odd/even)-For 
a normal video interlaced display, this 


bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted 
is an 


even field. 


Bit a (Frame timer occurred)- 
This bit becomes 
a logic 1 


either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished 
reading the 


row table for the frame or field just painted, 
it permits 
row 


table manipulation 
to start at the earliest possible time. 


VERTICAL 
LIGHT PEN REGISTER (R3B) 


This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 


HORIZONTAL 
LIGHT PEN REGISTER (R3C) 


This 8 bit read only register contains the horizontal 
coordi- 


nate captured 
atthe time the CRT 9007 received a light pen 


strobe 
signal. 
When a coordinate 
is captured, 
the appro- 


priate status bit is set and further transitions 
on LPSTB are 


ignored 
until this register 
is read. The reading of this reg- 


ister will reset the light pen status bit in the STATUS REG- 
ISTER. The captured 
coordinate 
may have to be modified 


in software 
to allow for light pen response. 


FIELD l 
HS 
ONE 
CSVNC 


INTERLACED 


VS 
--------------~ 
I 


FIELD 
TWO 
INTERLACEDl 


CSV:: 


vs --------------~ 


I 


CSV:: 


VS --------------~ 


VLTl 


I 
I 


I 
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MAXIMUM GUARANTEED 
RATINGS' 
Operating 
Temperature 
Range 
••...•.•.••.•......•.•.•.•.•••..•......•.••.•••..•.•..•.•..•.••.•••• 
O· to 70·C 
Storage 
Temperature 
Range ..•.•..•.•.•...••.•........•.•.•..•.•••..•.•.••.•.•..•••..••••.••. 
-55· 
to + 150·C 
Lead Temperature 
(soldering, 
10 see,) 
•.•..•.•.•.•....•.•.•.•.••••.•.•....•.••.•..•••.••.•..••.•.••.•• 
+ 325·C 
Positive 
Voltage 
on any Pin, with respect 
to ground 
......•.•.•.•.••.•.•.•..•.•..•.•.••.•..••••••.••.••.••.•• 
+ 8V 


Negative 
Voltage 
on any Pin, with respect 
to ground •.•.•.•.•.••.•.•.•.••••.••.•.•.••.•..•.•..••••••••••.••. 
-0.3V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: When 
powerinQ this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not be 
exceeded 
or device 
failure can result. Some power supplies 
exhibit voltage 
spikes 
or "glitches" 
on their outputs 
when the AC power 
is 
switched 
on and off. In addition, 
voltage 
transients 
on the AC power 
line may appear 
on the DC output. 
If this possibility 
exists 
it is 
suggested 
that a clamp 
circuit 
be used. 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


Input voltage 


Vil 
Low 
0.8 
V 


VlH1 
High 
2.0 
V 
all inputs except CCLK 


VlH2 
High 
4.3 
V 
CCLK input; see note 4 


Output voltage 
VOL 
Low 
0.4 
V 
10L= 1.6 mA 
VOH 
High 
2.4 
V 
10H= 100/lA 


Input leakage current 
I" 
10 
/lA 
O::SV,N ::S3,5V;excluding CCLK 


I" 
50 
/lA 
V,N = 5V; for CCLK 


-300 
/lA 
V,N = OV;for CCLK 


Input capacitance 


C1N1 
10 
pF 
~uts 
except CCLK 
C,N2 
25 
pF 
CCLKinput 


Power supply current 


Ice 
100 
mA 
170 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


Clock: 


lev 
Clock period 
290 
1200 
ns 
CRT9007A double row buffer 
330 
1200 
ns 
CRT9007B or attribute assemble 
400 
1200 
ns 
CRT9007C 
270 
1200 
ns 
CRT9007 A all other operation 
300 
1200 
ns 
CRT9007B 
modes 


400 
1200 
ns 
CRT9007C 


tCKL 
Clock low 
90 
ns 


bo·t 
Clock high 
150 
ns 
IeKR 
Clock rise time 
15 
ns 
measured from 0.8V to 3.5V level 


IeK' 
Clock fall time 
10 
ns 
measured from 90% to 10% points 


Output Delay ': 
tal 
150 
ns 
CRT9007A/B 
240 
ns 
CRT9007C 


t02 
150 
ns 
CRT9007A/B 
240 
ns 
CRT9007C 


t03 
150 
ns 
CRT9007A/B 


200 
I1S 
CRT9007C 
to. 
150 
ns 
CRT9007A/B 


200 
ns 
CRT9007C 
tVA 
25 
100 
ns 
CRT9007 A measured to the 2.3V 
25 
115 
ns 
CRT9007B 
or 0,5V level on 
25 
125 
ns 
CRT9007C 
VA13-VAO 


tOSL 
500 
ns 


to. 
185 
ns 
CRT9007A/B 


200 
ns 
CRT9007C 


to. 
185 
ns 
CRT9007A/B 


200 
ns 
CRT9007C 


losy 
185 
ns 
CRT9007A/B 


240 
ns 
CRT9007C 


tvDs 
50 
ns 
CRT9007 A valid for loading auxiliary 
55 
ns 
CRT9007B 
address register 2 or 


60 
ns 
CRT9007C 
attribute latch 


tliOH 
10 
ns 


11100 
185 
ns 
CL=50pF 


IsLG 
185 
ns 
CRT9007A/B 


240 
ns 
CRT9007C 


ISLD 
185 
ns 
CRT9007A/B 


240 
ns 
CRT9007C 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


t07 
240 
ns 
cursor skew of zero 
185 
ns 
CRT9007A/B 
cursor skew of one 


240 
ns 
CRT9007C 
through five 
toe 
300 
ns 
CRT9007A/B 
310 
ns 
CRT9007C 


Processor Read/Write': 
tAS 
100 
ns 
CRT9007A 


110 
ns 
CRT9007B/C 
tAH 
0 
ns 


tpw 
165 
ns 


teSH 
650 
ns 


tpos 
100 
ns 


tPDH 
0 
ns 


tPDA 
140 
ns 
CRT9007A/B 
189 
ns 
CRT9007C 


tPDO 
10 
85 
ns 


tlRR 
400 
ns 
CRT9007AIB 


410 
ns 
CRT9007C 


Miscellaneous Timing: 


tATS 
25 
115 
ns 
measured from the Oo4Vlevel of 
ACK or TSC falling edge 
tRW 
4tcy 
ns 
measured from the Oo4Vlevel falling 
edge to Oo4Vlevel rising edge 


tAKW 
50 
ns 
see figure 24 


"KS 
50 
ns 
see figure 24 


NOTE: 
1. Timing measured from the 1.5V level of the rising edge of CCLK to the 204V(high) or Oo4V(low) 


voltage level of the output unless otherwise noted. 
2. 
Reference points are 204Vhigh and Oo4Vlow. 


3. 
Loading on all outputs is 30 pF except where noted. 


4. This level must be reached before the next falling edge of CCLK 
I 


MAXIMUM 
GUARANTEED 
RATINGS' 


Operating 
Temperature 
Range ............................••................••.•....................... 
QOCto + 7QoC 
Storage 
Temperature 
Ranlle 
...............•...........•....•.......•••........•..........•.••.•.•• 
-55°C 
to + 15QoC 
Lead Temperature 
(Soldering. 
1Q see) ........•••.........•...........................•....................... 
+ 325°C 
Positive 
voltage 
on any pin (WRT ground) 
................................•......................•..••.•••.••.... 
+ 8V 
Negative 
voltage 
on any pin (WRT ground) 
.......•...........•...............•••............ 
:.................. 
-Q.3V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: When 
powerin9 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not be 
exceeded 
or device 
failure 
can result. Some power supplies 
exhibit voltage 
spikes 
or "glitches" 
on their outputs 
when the AC power 
is 
switched 
on and off. In addition. 
voltage 
transients 
on the AC power 
line may appear 
on the DC output. 
If this possibility 
exists 
it is 
suggested 
that a clamp 
circuit 
be used. 


DC ELECTRICAL 
CHARACTERISTICS 
TA = QOCto + 7QoC. Vcc = 5.QV ± 5% 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 


Input voltage: 


V" 
Low 
0.8 
V 


V1H1 
High 
2 
V 


V1H2 
High 
4.3 
V 


Output voltage: 
VOL 
Low 
0.5 
V 
IOL= 1.6 mA 


VOH 
High 
204 
V 
IOH= 100 J.lA 


Input leakage current: 
ILl 
10 
J.lA 
0= < V,. = < 3.5V; excluding 
CCLK 


I" 
50 
J.lA 
V,. = 5V; for CCLK 
Ie, 
-200 
J.lA 
V,. = OV:for CCLK 


Input capacitance: 
All inputs except CCLK 
CIN' 
10 
15 
pF 
at 1 MHz 


ClN2 
25 
50 
pF 
CCLK input at 1 MHz 


Power supply current: 


Ice 
100 
TBD 
mA 
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FIGURE 
23: CRT 9007 
MISCELLANEOUS 


TIMING 
PARAMETERS 


I 


REGISTER 
ADDRESS DECODE 
BIT DEFINITION 
NUMBER 
(HEX) 
Register Type 
VA5 
VA' 
VA:J 
VA2 
VAl 
VAO 
07 
OS 
05 
0' 
03 
02 
01 
DO 


WRITE 
0 
0 
0 
0 
0 
0 
MsB 
CHARACTERS PER HORIZbNTAL 
PERIOD 
LsB 
RO 


WRITE 
0 
0 
0 
0 
0 
1 
MsB 
CHARACTERS PER DATA ROW 
LSB 
Rl 


WRITE 
0 
0 
0 
0 
1 
0 
MsB 
HORIZONTAL DELAY 
LsB 
R2 


WAITE 
0 
0 
0 
0 
1 
1 
MSB 
HORIZONfAL 
SYNC WIDTH 
LS8 
R3 


WRITE 
0 
0 
0 
, 
0 
0 
Ms8 
VERTICAL SYNC WIDTH 
LS8 
R' 


WRITE 
0 
0 
0 
, 
0 
, 
Ms8 
VERTICAL DELAY 
LS8 
R5 


WRITE 
0 
0 
0 
, 
1 
0 
PIN CONFIGol 
CURSOR SKEW 
-1 
BLANK SKEW 
RS 
URATION 
MSB 
LSB 
MSB 
LSB 


WRITE 
0 
0 
0 
1 
1 
1 
MS8 
VISIBLE DATA ROWS PER FRAME 
Ls8 
R7 


WRITE 
0 
0 
1 
0 
0 
0 
rBC1~~LINES FAA~g8) I 
MSB 
SCAN LINES PEf::!DATA A'Ow LSB 


R8 


WRITE 
0 
0 
, 
0 
0 
1 
187) 
SCAN LINES PER FR:WE 
LSB(BO} 
RO 


Table 3a: CRT 9007 Screen Format Registers 


REGISTER 


ADDRESS DECODE 
BIT DEFINITION 
NUMBER 


(HEX) 


Register Type 
VA5 
VA. 
VA:J 
VA> 
VAl 
VAO 
07 
DO 
05 
D< 
03 
02 
01 
DO 


DMA 
I 


WRITE 
0 
0 
1 
0 
1 
0 
DIS- 
DMA BURST DELAY 
DMA BURST COUNT 
RA 
ABLE 
MSBA 
Ls8 
MS8 
LS8 


rs! 
INTERLACE 
OPERATION MODES I 
R8 
WRITE 
0 
0 
1 
0 
1 
1 
X 
PBI'SS 
MODES 
m/1XC 


WRITE 
0 
0 
1 
1 
0 
0 
MS8 
TABLE START REGISTER (LS BYTE) 
Ls8 
RC 


WRITE 
0 
0 
1 
1 
0 
1 
ADDRESS I 
TABLE STRT REGISTER (MS BYTE) 
RD 
MODE 
MSB 
Ls8 


WRITE 
0 
0 
1 
1 
1 
0 
Ms8 
AUXILIARY ADDRESS REGISTER 1 (LS BYTE) 
LS8 
RE 


WRITE 
0 
0 
1 
1 
1 
1 
ROW 
:; j 
AUXILIARY ADDRESS REGISTER 1 (MS BYTE) 
RF 


ATTRIBUTES 
MSB 
LSB 


WRITE 
0 
, 
0 
0 
0 
0 
MS8 
SEQUENTIAL BREAK REGISTER 1 
LS8 
Rl0 


WRITE 
0 
1 
0 
0 
0 
1 
MS8 
DATA ROW START REGISTER 
LS8 
RI1 


WRITE 
0 
1 
0 
0 
1 
0 
MS8 
DATA ROW ENOISEQUENTIAL BREAK REGISTER 2 
LS8 
R12 


WRITE 
0 
1 
0 
0 
1 
1 
MS8 
AUXILIARY ADDRESS REGISTER 2 (LS BYTE) 
Ls8 
R13 


WRITE 
0 
1 
0 
1 
0 
0 
ATT~~'fj'TES I 
AUXILIARY ADDRESS REGISTER 2 (MS BYTE) 
R14 
MSB 
LSB 


Table 3b: Control 
and Memory Address 
Registers 


REGISTER 


ADDRESS DECODE 
BIT DEFINITION 
NUMBER 


(HEX) 
Register Type 
VA5 
VA' 
VA:J 
VA> 
VA' 
VAO 
07 
DO 
05 
0' 
03 
02 
01 
DO 


READ OR 
0 
, 
0 
1 
0 
1 
START COMMAND 
R15 
WRITE 


READ OR 
0 
, 
0 
1 
1 
0 
RESET COMMAND 
R1S 
WRITE 


OFFSET 
I 
I 
I 


LS8 I 


WRITE 
0 
1 
0 
1 
1 
1 
OVER- 
OFFSET VALUE 
R17 


FLOW 
Ms8 
0 


WRITE 
0 
, 
1 
0 
0 
0 
VERTICAL CURSOR REGISTER (ROW COORD.) 
READ 
1 
, 
1 
0 
0 
0 
MS8 
Ls8 
R18 or R38 
WRITE 
0 
, 
1 
0 
0 
1 
HORIZONTAL CURSOR REGISTER (CDl 
COORD.) 
READ 
1 
, 
1 
0 
0 
1 
Ms8 
LSB 
R190rR39 
I,~~~~i 
IN:ERRUPT 
ENABLE REGISTER 
I 


WRITE 
0 
1 
1 
0 
1 
0 
I 
FRAME 
RIA 
RE- 
LIGHT 
TIMER 


X 
TRACE 
PEN 
X 
X 
X 
X 


. 
rER~I, 
STATUS REGISTER 
READ 
1 
1 
1 
0 
1 
0 
INT 
TICAL 
R3A 
PEND- 
RE- 
LIGHT 
I ODDI, I 
FRAME 


ING 
TRACE 
PEN 
EVEN 
X 
TIMER 


READ 
1 
1 
1 
0 
1 
1 
MS8 
vERTICAL LIGHT PEN REGISTER (ROW COORD.) 
LS8 
R38 


READ 
, 
1 
1 
1 
0 
0 
MS8 
HORIZONTAL LIGHT PEN REGISTEA (COL. COORD.) 
LSB 
R3C 


Table 3c: Cursor, Light Pen, Offset, and Status Registers 


STANDARD MICROSYSTEMS 
CORPORATION, 


Circuit 
diagrams 
utilizing 
SMC products 
are included 
as a means of illustrating 
typical 
semiconductor 
applica- 
tions, 
consequently 
complete 
information 
sufficient 
for 
construction 
purposes 
is not 
necessarily 
given. The 


information 
has been carefully 
checked 
and 
is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is 


assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the semiconductor 
devices described 
any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order 
to improve 
design 
and supply 
the best product 
possible. 
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STANDARD MICROSYSTEMS 
CORPORATION!.I 
CRT 9021 A 
CRT9021B 


CRT Video Attributes Controller 
VAC 


FEATURES 
o On chip video shift register 
Maximum 
shift register frequency 
CRT9021A 
30MHz 
CRT 9021 B 28.5 MHz 


o On chip attributes 
logic 
Reverse 
video 
Character 
blank 
Character 
blink 
Underline 
Full/half 
intensity 


o Four modes of operation 
Wide graphics 
Thin graphics 
Character 
mode without underline 


Character 
mode with underline 


o On Chip logic for double height/double 


width characters 


o Accepts 
scan line information 
in parallel 


or serial format 


o Four cursor modes dynamically 
selectable 
via 2 


input pins 


Underline 
Blinking 
underline 


Reverse video 
Blinking 
reverse video 
o Programmable 
character 
blink rate 


00 
1 
28 01 


MS0 
2 
2702 


MS1 
3 
2603 


REVIO 
4 
25 04 


CHABL 
5 
24 D5 


BLINK 
6 
2306 


INTIN 
7 
22 07 I 


+5V 
8 
21 VSYNC 


ADEN 
9 
20 GNO 


INTOUT 10 
19 SL0/SLO 


CURSOR 11 
18 SL1/SLG 


RETBL 12 
17 SL2/BLC 


LD/SH 13 
16 SL3/BKC 


VIOEO 14 
15 VDC 


o Programmable 
cursor blink rate 


o On chip data and attribute 
latches 


o + 5 volt operation 
o TTL compatible 
o MaS 
n-Channel 
silicon gate COPLAMOS® 
process 
o Compatible with CRT 5037 VTAC®; CRT 9007 VPAc'" 


GENERAL DESCRIPTION 


The SMC 
CRT 9021 
Video 
Attributes 
Controller 


(VAC) is an n-channel 
COPLAMOS 
MOS/LSI 
device 


containing 
Graphics 
logic, attributes 
logic, data and 


attributes 
latches, 
cursor 
control, 
and a high speed 


video shift register. The CRT 9021, a character 
gen- 


erator 
ROM and a CRT controller 
such as the CRT 


9007 provide 
all of the major circuitry 
for the display 


portion of a CRT video terminal. 


The 
CRT 9021 
serial video 
output 
may be con- 
nected 
directly 
to a CRT monitor's 
video input. The 


maximum 
video shift register frequency 
of 28.5 MHz 


or 30 MHz allows for CRT displays of up to 132 char- 
acters per data row. 
The CRT 9021 attributes 
include: 
reverse 
video, 
underline, 
character 
blank, character 
blink, and full/ 


half intensity selection. 
In addition, when used in con- 
junction 
with theCRT9007VPAC:" 
the CRT 9021 will 


provide double height or double width characters. 


Four programmable 
cursor modes are provided on 


the CRT 9021. They are: underline, 
blinking 
under- 
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line, 
reverse 
video 
character 
block, 
and blinking 


reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program option 
and is fixed at the time of manufacture. 


Two graphics 
modes 
are provided. 
In the wide 


graphics 
mode, 
the CRT 9021 produces 
a graphic 


entity the size of the character block. The graphic entity 
contains 
eight parts, each of which is associated 
with 


one bit of the input byte, thereby providing 256 unique 
graphic symbols. 
The thin graphics mode enables the 


user to create thin line drawings 
and forms. 


In both graphics 
modes, continuous 
horizontal 
and 


vertical 
lines may be drawn. 
Additional 
flexibility 
is 


provided 
by allowing 
the mask programming 
of the 


placement and dimensions 
of the blocks or lines within 


a character 
block. 
In the thin graphics 
mode, mask 


programming 
allows 
serrated 
horizontal 
or vertical 


lines. 


D7-DO 


CURSOR 


RETBL 


WISH 


ATTEN 


MSO 
L 


MSI 
A 
REVID 
T 


CHABL 
C 


BLINK 
H 


INTIN 


SCAN 
LINE 
MODE 
DETECT 


RO SLD 


Rl/SLG 


R2,BLC 


R31ElKC 


ATTRIBUTE 


AND 
GRAPHIC 
LOGIC 


PINNa. 
NAME 
SYMBOL 
FUNCTION 


1,28,27,26, 
Data 
07·00 
In the character 
mode, the data on these inputs 
is passed 
through 
the Attributes 
25,24,23, 
logic into the 8 bit high speed video shift register. 
The binary 
information 
on 07 


22 
will be the first bit output after the LD/SH 
input goes low. 


In the thin or wide graphics 
mode these 8 inputs will individually 
control 
the on/off 


condition 
of the particular 
portion 
of the character 
block or line drawing. 
Figures 
2 


and 3 illustrate 
the wide and thin graphics 
modes 
respectively 
and their 
relationships 
to 07-00 


2 
Mode Select~ 
MSO 
These 
2 inputs define the four modes 
of operation 
of the CRT 9021 as follows: 


3 
Mode Select 
1 
MS1 
MS1, MSO = 00; Wide graphics 
mode 


= 10; Thin graphics 
mode 


= 01; Character 
mode without 
underline 


= 11; Character 
mode with underline 


See section 
entitled 
Display 
Modes for details. 


4 
Reverse 
Video 
REVID 
When this input and Retrace 
Blank (RETBL) 
are both low, data from the 
Attributes 
and Graphics 
logic is presented 
directly 
to the video shift register. 


When this input is high and RETBL 
is low, the Attribute 
and Graphics 
logic will 


invert the data before 
presenting 
it to the video shift register. 


5 
Character 
blank 
CHABL 
When this input is high, the parallel 
inputs to the video shift register 
are all set low 


(or high depending 
on the state of REVID) 
thus providing 
a constant 
video 
level 


for the entire length of the character 
block. 


6 
Blink 
BLINK 
When this input is high and both the RETBL 
and CHABL 
inputs 
are low, the char- 


acter will blink at the programmed 
character 
blink rate. Blinking 
is accomplished 


by causing 
the video to go to the background 
level during 
the "off" 
portion 
of the 


Character 
Blink cycle. This video level may be either the white or black level 
depending 
on slate of REVID. 
The duty cycle for the character 
blink is 75/25 
(ani 


off). This input is ignored 
if it coincides 
with the CURSOR 
input and the cursor 
is 


formatted 
to blink. 


7 
Intensity 
In 
INTIN 
The INTIN input along with the INTOUT 
output 
provides 
a user controJled 
general 
purpose 
attribute. 
Data input to INTIN will appear 
at INTOUT 
with the same delay 


as that from any other attribute 
input to the serial video output 
(VIDEO). 
By using 


an external 
mixing circuit, 
it is possible 
to raise or lower the voltage 
level of the 


video output to produce 
such attributes 
as "half intensity" 
or "intensity". 


PINNa. 
NAME 
SYMBOL 
FUNCTION 


8 
Supply 
Voltage 
+5V 
+ 5 volt power supply 


9 
Attribute 
ATTEN 
When this il1l2lJtis high, the internal 
attribute 
latch is updated 
at the positive 
going 
Enable 
edge of the LD/SH 
input with data appearing 
on the REVID, 
CHABL, 
MS1, MS0, 


BLINK and INTIN inputs. 
By selectively 
bringing 
this input high, the user will 


update 
the attribute 
only at specific 
character 
times; 
all subsequent 
characters 
will carry with them the attributes 
last updated 
thus allowing 
"field" 
or "embed- 


ded" attributes. 
When using a wide video memory 
where 
attribute 
bits are 
attached 
to every character, 
the internal 
attribute 
latch may be updated 
at each 
character 
by tieing this input high (thus allowing 
for "invisible" 
attributes)., 


10 
Intensity 
Out 
INTOUT 
This output 
is used in conjunction 
with the INTIN input to provide 
a three charac- 


ter pipeline 
delay to allow for general 
purpose 
attributes 
(such as intensity) 
to be 
implemented. 
See INTIN (pin 7). 


11 
Cursor 
CURSOR 
When this input is high and RETBL 
is low, the programmed 
cursor 
format 
will be 
displayed. 
When this input is high, and RETBL 
is high, the CRT 9021 enters 
the 
double 
width mode. See section 
entitled 
cursor 
formats 
for details. 


12 
Retrace 
Blank 
RETBL 
When this input is high, the parallel 
inputs to the video shift register 
are uncondi- 
tionally 
cleared 
to all zeros and loaded on the next LD SH pulse. This forces 
the 
VIDEO 
output to a low voltage 
level, independent 
of all attributes, 
for blanking 
the 
CRT during 
horizontal 
and vertical 
retrace 
time. 


13 
Load/Shift 
LD/SH 
The 8 bit video shift register 
parallel-in 
load or serial-out 
shift operation 
is estab- 


lished by the state of this input. When high, this input enables 
the shift register 
for 
serial shifting 
with each video dot clock pulse (V DC input). 
When 
low, the video 
shift register 
is parallel 
loaded on the next video dot clock pulse and all data and 
attributes 
are moved to the next position 
in the internal 
pipeline. 
In addition, 
input 


data and attributes 
are latched 
on the positive 
transition 
of LD/SH. 


14 
Video 
VIDEO 
The Video output 
provides 
the serial dot stream 
to the CRT. Video 
is shifted 
out 
on the rising edge of the video dot clock VDC. The timing 
of the LD/SH 
input will 


determine 
the number 
of backfill 
dots. See figure 5. 


15 
Video 
Dot 
VDC 
This input clock controls 
the rate at which video is shifted 
out on the 
Clock 
VIDEO 
output. 


16 
Scan line 
SL3/BKC 
This input has two separate 
functions 
depending 
on the way scan line informa- 
3/Block 
Cursor 
tion is presented 
to the CRT 9021. 


Parallel 
scan line mode-This 
input is the most significant 
bit of the binary 
scan 
line row address. 
Serial scan line mode-This 
input controls 
the cursor's 
physical 
dimensions. 
If 


high the cursor will appear 
as a reverse 
video block (the entire character 
cell will 


be displayed 
in reverse 
video). 
If low, the cursor 
will appear 
as an underline 
on 
the scan line(s) programmed. 


17 
Scan line 
SL2/BLC 
This input has two separate 
functions 
depending 
on the way scan line informa- 
2/Blink 
Cursor 
tion is presented 
to the CRT 9021. 


Parallel 
scan line mode-This 
input is the second 
most significant 
bit of the 
binary scan line row address. 
Serial scan line mode-This 
input if low, will cause 
the cursor 
to alternate 
between 
normal 
and reverse 
video at the programmed 
cursor 
blink rate. The duty 


cycle for the cursor 
blink is 50 50 (on/off). 
If this iriput is high, 
the cursor 
will be 


non-blinking. 


18 
Scan Line 
SLl 
SLG 
This input has two separate 
functions 
depending 
on the way scan line informa- 


l Scan 
Line 
tion is presented 
to the CRT 9021. 


Gate 
Parallel 
scan line mode-This 
input is the next to the least significant 
bit of the 
binary scan line row address. 
Serial scan line mode-This 
input will be low for 5 or 6 LD/SH 
pulses 
to allow the 
scan line information 
to be ser@!!y shifted 
into the serial scan line shift register. 
If 
this signal is low for 7 or more LD/SH pulses, 
the CRT 9021 will assume 
the par- 
allel input scan line row address 
mode. 


19 
Scan line 
SLO/SLD 
This input has two separate 
functions 
depending 
on the way scan line informa- 
O/Scan Line 
tion is presented 
to the CRT 9021. Refer to figure 
6 
data 
Parallel 
scan line mode- 
This input is the least significant 
bit of the binary 
scan 


line row address. 
Serial scan line mode-This 
input will present 
the scan line information 
in serial 
form (least significant 
bit first) to the CRT 9021 and permits 
the Qf9per 
scan line 


informatio~nter 
the serial scan line shift register 
during 
the LD/SH 
pulses 


framed 
by SLG (pin 18). 


20 
Ground 
GND 
Ground 


21 
Vertical 
Sync 
VSYNC 
This input is typically 
connected 
to the vertical 
sync output 
of the CRT controller 


and is used as the clock input for the two on-chip 
mask programmable 
blink rate 


dividers. 
The cursor 
blink rate (50 50 duty cycle) will always 
be twice 
the charac- 
ter blank rate (75 25 duty cycle). 
In addition, 
the internal 
attributes 
are reset when 
this input is low. The VSYNC 
input is also used to determine 
the scan line mode 
(parallel 
or serial) used. See the section 
"Scan 
Line Input Modes". 


I 


ATTRIBUTES 
FUNCTION 


-The 
RETBL input causes the VIDEO 
to go to the zero (black) level regard- 
less of the state of all other inputs. 
-The 
REVID input causes inverted data 
to 
be 
loaded 
into 
the 
video 
shift 
register. 
-The 
CHABL input forces the video to 
go to the current background 
level as 
defined by Reverse Video. 


-MS1, 
MS0 = 1,1 forces the video to 
go to the inverse of the background 
level 
for 
the 
scan 
line(s) 
pro- 


grammed 
for 
underline. 
-The 
BLINK input will cause charac- 


ters to blink by forcing the video to the 
background 
level 25% of the time and 
allowing the normal video for 75% of 
the time. 
When 
the cursor 
is pro- 


grammed 
to blink (not controlled 
by 


the 
BLINK 
input), 
the 
video 
alter- 
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 
always overrides 
the character 
blink 
rate when 
they both appear 
at the 


same character 
position. 


-The 
INTiN 
input 
and the INTOUT 
output 
allow 
an intensity 
(or half 


intensity) 
attribute 
to be carried 


through the pipeline of the CRT 9021. 
An external 
mixer 
can be used to 


combine VIDEO and INTOUTto 
cre- 


ate the desired video level. See fig- 
ure 8. 


Table 1 illustrates the effect of the REVID, CHABL, UNDLN 
attributes 
as a function 
of the cursor format and the CUR- 
SOR and RETBL inputs. 


Intensity 
(Half Intensity) 


CURSOR 
CRT 9021 INPUTS 
VIDEO 
SHIFT 
REGISTER 
FORMAT 
RETBL 
CURSOR 
REVID 
CHABL 
UNDLN 
LOADED 
WITH: 


1 
X 
X 
X 
X 
all zero's 


0 
0 
0 
0 
0 
data 


0 
0 
0 
0 
1 
One's for selected 
scan line(s); 
Data for all 
other 
scan 
lines. 


X 
0 
0 
0 
1 
X 
All zero's 
0 
0 
1 
0 
0 
data 
0 
0 
1 
0 
1 
Zero's 
for selected 
scan line(s); 
data for all 
other 
scan 
lines. 


0 
0 
1 
1 
X 
One's for all scan lines, 


0 
, 
0 
0 
X' 
One's 
for selected 
scan 
line(s) 
for cursor; 


data for all other scan lines, 


0 
1 
0 
1 
X, 
One's for selected 
scan line(s) for cursor; 


UNDERLINE' 


zero's 
for all other scan lines. 


0 
1 
1 
0 
X, 
Zero's 
for selected 
scan 
line(s) 
for cursor; 


Data 
for all other 
scan 
lines. 


0 
1 
1 
1 
X, 
Zero's 
for selected 
scan 
line(s) 
for cursor; 


one's 
for all other 
scan 
lines. 
-- 


0 
1 
0 
0 
X' 
One's for selected 
scan line(s) 
blinking; 


Data 
for all other 
scan 
lines. 


0 
1 
0 
1 
X, 
One's for selected 
scan line(s) 
blinking; 


BLINKING' 
zero's 
for all other 
scan 
lines. 


UNDERLINE' 
0 
1 
1 
0 
X, 
Zero's for selected 
scan line(s) 
blinking; 


Data for all other scan lines. 


0 
1 
1 
1 
X, 
Zero's for selected 
scan line(s) blinking; 


one's 
for all other 
scan 
lines. 


0 
1 
0 
0 
0 
Data 
for all scan 
lines. 


0 
1 
0 
0 
1 
Zero's for selected 
scan line(s) for 
underline; 
data 
for all other 
scan 
lines. 


REVIDBLOCK 
0 
, 
0 
1 
X 
One 
'$ for all scan 
lines. 


0 
1 
1 
0 
0 
Data 
for all scan 
lines 
0 
1 
1 
0 
1 
One's for selected 
scan line(s) for 


underline; 
data 
for all other 
scan 
lines. 


0 
1 
, 
1 
X 
Zero's 
for all scan 
lines. 


0 
, 
0 
0 
0 
On 
Off 


Data 
for all scan 
lines. 
Data for all scan 
lines, 


0 
1 
0 
0 
1 
Zero's 
for selected 
One's 
for selected 
scan line(sl.fQL 
scan line(s) 
for 
underline; 
Data 
for 
underline; 
Data for 


BLINKING' 
all other 
scan 
lines. 
all other 
scan 
lines. 


REVIDBLOCK 
0 
1 
0 
, 
X 
One's 
for all scan 
lines. 
Zero's 
for all scan 
lines. 


0 
1 
1 
0 
0 
Data 
for all scan 
lines. 
Data 
for all scan 
lines. 
0 
1 
1 
0 
1 
One's for selected 
Zero's 
for selected 
scan line(s); 
Data 
scan line(s); 
Data 


for all other 
scan 
lines. 
for all other 
scan 
lines. 
0 
1 
, 
1 
X 
Zero's 
for all scan 
lines. 
One's for all scan lines, 
-- 


1 -If the programmed 
scan line(s) for cursor and underline COinCide.the cursor takes precedence; otherwise both are displayed. 
2 - at programmed 
scan line(s) for underline 
3 - at cursor blink rate 
Nole-cursor 
blink rate overrides character blink rate. 


Inputs MS 1 and MS0 select one of four display modes. All 
attributes 
except 
underline 
operate 
independent 
of the 
display 
mode used. Figures 
8a and 8b illustrate 
a typical 
CRT 9021 configuration 
which operates in all display modes 


for both the parallel and serial scan line modes respectively. 
MS1, MSO = 00 
-Wide 
Graphics 
Mode. 


In this display 
mode, inputs 07-00 
define a graphics entity as illustrated 
in figure 2. Note that individual bits in 
07-00 
will 
illuminate 
particular 
portions of the character block. Table 
2 shows 
all programming 
ranges 
possible 
when 
defining 
the wide 
graphic boundaries. 
No underline is 
possible in this display mode. 


MS1, MSO = 10 
-Thin 
Graphics 
Mode. 


In this display 
mode, inputs 07-00 
define a graphic entity as illustrated 
in figure 3. Note that individual bits in 
07-00 
will illuminate 
particular 
hori- 
zontal or vertical line segments within 


0000 
RO 


0001 
R1 


0010 
R2 


0011 
R3 
0100 
R4 
0101 
RS 


0110 
R6 
0111 
R7 
1000 
R8 
1001 
R9 
1010 
R10 
1011 
R11 
1100 
R12 
1101 
R13 


111() 
R14 


1111 
R1S 


C7 
C6 
CS 
C4 
C3 
C2 
C1 
CO BF 
BF 
a a a 


--j 
I 


I 
H3 


I 
I 
__ 
...I 


I 
I 


I 
H2 


i 
I 
--, 
I 
I 
H1 
I 
II I 
I 
HO 
_J 
I 


1--W1--I---W'0---1 


07 
03 


06 
02 


OS 
01 


04 
00 


the character 
block. Table 3 shows 


all programming 
ranges 
possible 


when 
defining 
the thin 
graphics 


boundaries. 
No underline 
is possi- 
ble in this display mode. 


-Character 
Mode Without Underline. 


In this display mode, inputs 07-00 
go 


directly 
from the input latch to the 


video shift register via the Attributes 
and 
Graphics 
logic. 
This 
mode 


requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixalon 
the CRT) 
or an external 
character 


generator as shown in figures 8a and 
8b. 


-Character 
Mode With Underline. 
Same operation 
as MS 1, MS0 = 01 


with the underline 
attribute 
appear- 
ing on the scan 
line(s) 
mask 
pro- 


grammed. 
I 


~ 
OATA INPUTON 
07-00 


H3, H2, H1, HO, W1, WO are mask programmable 


04 
- 


07 
00 
06 


02 
03 
- 


01 


OS 


- 
- 
- 


-I 
__ 
J 
II 
II 
I 
--1 
__ J 


I 
I 
I 
I 
I 
Ii 
J, 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 


I 
I 
I 
__ J 


FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 


VERTICAL 
HEIGHT 
HORIZONTAL 
POSITION 


00 
RO-RS 
PROGRAMMABLE 


01 
R6-R1S 
PROGRAMMABLE 
06 
RO-R1S' 
PROGRAMMABLE 
07 
RO-R1S' 
PROGRAMMABLE 


HORIZONTAL 
LENGTH 
VERTICAL 
POSITION 


02 
C7-C3 
PROGRAMMABLE 


03 
C3·BF 
PROGRAMMABLE 


04 
C7-BF' 
PROGRAMMABLE 
OS 
C7-BF' 
PROGRAMMABLE 


~ 
OATA INPUT ON 07-00 


• These 
values 
are fixed 


BACKFILL 


Backfill 
is a mechanism 
that allows 
a character 
width of 
Method B 
greater 
than 8 dots and provides 
dot information 
(usually 
blanks) for all dot positions 
b~yond 8. The character 
width 
is defined by the period of the LD/SH input. For the character 
modes, backfill is added to the tail end of the character 
by 


two methods which are mask programmable. 
Method A 
- 
The backfill (BF) dots will be the same 
as the dot displayed 
in position C7. 


- 
The backfill (BF) dots will be the same 
as the dot displayed 
in position CO. 


For the wide graphics 
mode, the backfill dots will always be 
the same as the dot displayed 
in position 
CO (method 
B) 


with no programmable 
option. 


Four cursor formats 
are possible with the CRT 9021. If the 
parallel scan line input mode is used, one of four cursor for- 
mats may be selected 
as a mask programmed 
option. If the 


serial scan line input mode is used, the cursor format 
is 


selected via input pins 16 and 17 (SL3/BKC, SL2IBLC). See 
Table 5. The four cursor modes are as follows: 


- 
The 
cursor 
will 
appear 
as an 
underline. 
The position 
and width 
of the cursor 
underline 
is mask 
programmed. 
- 
The 
cursor 
will 
appear 
as an 
underline. 
The underline will alter- 
nate between 
normal and reverse 
video 
at the mask 
programmed 
cursor blink rate. 
- 
The cursor will appear as a reverse 
video block (The entire character 
Reverse 
Video 
Block 


Blinking 
Reverse 
Video Block 


cell will 
be displayed 
in reverse 


video). 


- 
The cursor will appear as a reverse 
video 
block 
and the entire 
block 


(character 
plus background) 
will 


alternate 
between 
normal 
and 


reverse 
video at the masked 
pro- 
grammed 
cursor blink rate. 


Scan Line 
Input Mode 
Pin 17 
Pin 16 
Cursor Function 
1 
0 
Underline 
1 
1 
Reverse Video Block 


Serial 
0 
0 
Blinking Underline 


0 
1 
Blinking Reverse 


Video Block 


Parallel 
X 
X 
Mask programmable 


Only 


In order to display double width characters, 
video must be 


shifted out at half frequency and the video shift register must 
receive new information 
(parallel load) every other LD/SH 


input pulse. In order to divide the video dot clock (VDC) and 
the LD/SH pulse internally at the proper time, the cursor input 
should be pulsed during RETBL prior to the scan line to be 
displayed as double width. The CURSOR input must remain 
low for a minimum 
of 1 LD/SH period from the leading edge 


of RETBL. The CURSOR 
input can stay high for the entire 
RETBL time but should not extend into active video. If it does, 
a cursor will be displayed. 
It is assumed that the CRT con- 


troller knows when a particular 
scan line should be double 


width and it should activate the CURSOR in the manner just 
described. 
Double heighVdouble 
width characters 
can also 


be displayed 
if the scan line count is incremented 
by the 


CRT controller 
every other scan line. With respect to the 


CRT 9021, no distinction 
between double width and double 


height display 
is necessary. 
Figure 4 illustrated 
timing for 


both single and double width modes. The CRT 9007, which 
supports 
double 
height double 
width characters, 
will pro- 


duce the CURSOR 
signal as required by the CRT 9021 with 
no additional 
hardware. 


SCAN LINE INPUT MODES 


Scan line information 
can be introduced 
into the CRT 9021 
mode will be selected 
for the next field if the following 
two 
in parallel format or serial format. Table 6 illustrates the pin 
conditions 
occur during VSYNC low time. First, at least one 
definition as a function of the scan line input mode. The CRT 
positive transition 
must occur 0lU2.in 18 and second, pin 18 
9021 will automatically 
recognize the proper scan line mode 
must be low for seven or more LD/SH periods. Refer to fig- 


by observing 
the activity 
on pin 18. In parallel mode, this 
ure 7 for timing details. 


input will be stable for at least 1 scan line and in serial mode 
this input will remain low for about 5'or 6 LD/SH periods. If 
pin 18 goes active 
low for less than seven but more than 


two continuous 
LD/SH periods during the last scan line that 


has an active low on the VSYNC input, the serial mode will 
be locked in for the next field. The parallel scan line input 
TABLE 
6: PIN DEFINITION 
FOR PARALLEL 
AND SERIAL 
SCAN LINE MODES 


Scan Line 
CRT 9021 Pin Number 


Input Mode 
19 
18 
17 
16 


Serial 
SLD 
SLG 
BLC 
BKC 


Parallel 
SLO 
SL1 
SL2 
SL3 


The CRT 9021 has a variety of mask programmed 
options. 
trates the range of the miscellaneous 
mask programmed 


Tables 2 and 3 illustrate 
the range of these options for the 
options. 
In addition, 
Tables 2, 3 and 4 show the mask pro- 
wide and thin graphics 
modes 
respectively. 
Table 4 illus- 
grammed 
options for the standard 
CRT 9021. 
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I 
I 


RETBL --l------------~...------------------------ 


I 
I 
I 


VIDEO 


(DOUBLE) 
VIDEO(N/2-1) 
WIDTH 
ATTRIBUTEIN' 


(NORMAL) 
WIDTH 


ATTRIBUTEOUT' 


(NORMAL) 
INT(N-2) 


WIDTH 


ATTRIBUTEIN' 


(DOUBLE) 
WIDTH 
ATTRIBUTEOUT' 


(DOUBLE) 
WIDTH 


07-00 


(NORMAL) 


WIDTH 


07-00 


(DOUBLE) 
WIDTH 


017-010 
(NORMAL) 
WIDTH 


017-010 
(DOUBLE) 
WIDTH 
w 
C1l 
VIDEO 
w 
(NORMAL) 
WIDTH 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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: 
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_ 


I 
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: 
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I 


BLANKING 
: 


I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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X 
X 
X 
X 
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IV ;;:)CI....j. 
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Positive 
Voltage 
on any Pin, with respect 
to ground. 


Negative 
Voltage 
on any Pin, with respect 
to ground. 


+ 325 


VC 


.15V 


-0.3V 


·Stresses 
above 
those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
be exceeded 
or device 
failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 
is switched 
on and off. In addition, 
voltage 
transients 
on the AC power 
line may appear 
on the DC output. 
If this possibility 
exists 
it is 
suggested 
that a clamp 
circuit 
be used. 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


DC CHARACTERISTICS 
INPUT 
VOLTAGE 
LEVELS 


Low Level V" 
0.8 
V 
All inputs except 
VDC, 
LD/SH 
Low Level V" 
0.65 
V 
For VDC, 
LD/SH 
inputs_ 


High Level V,H, 
2.0 
V 
All inputs except 
VDC, 
LD/SH 
High Level V,H2 
4.3 
V 
For VDC, 
LD/SH 
input 


OUTPUT 
VOLTAGE 
LEVELS 


Low Level VOL 
0.4 
V 
IOL=0.4mA 


High Level VOH 
2.4 
V 
10H=100!LA 


INPUT 
LEAKAGE 
CURRENT 


Leakage 
I" 
10 
!LA 
O""V'N<Vee: 
excludin~DC, 
LD/SH 
Leakage 
I" 
50 
!LA 
O""V'N""Vee: for VDC LD/SH 


INPUT 
CAPACITANCE 


C1N1 
10 
pf 
Excluding 
VDC, 
LD/SH 


C1N2 
20 
pf 
ForLD/SH 


C1N3 
25 
pf 
ForVDC 


POWER 
SUPPLY 
CURRENT 


lee 
50 
mA 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


VDC' 


1/te" 
VDC frequency 
10.0 
30.0 
MHZ 
CRT 9021A; 
see note 1 


10.0 
28.5 
MHZ 
CRT9021B 


1eKLVDC low 
10 


IeKHVDC high 
10 
ns 
teKRVDC rise time 
10 
ns 
Measured 
from 10% to 90% points 
te", VDC fall time 
10 
ns 
Measured 
from 90% to 10% points 


LD/SH 


tCY2 
290 
ns 
CRT 9021A; 
see note 1 
315 
ns 
CRT9021B 


ts> 
7 
ns 
tH, 
0 
ns 


INPLrr 
SETUP 
AND HOLD 


t52 
35 
ns 


tH2 
0 
ns 


MISCELLANEOUS 
TIMING 
tpo 
35 
ns 
CL = 15pf 
tow 
tCY2 


I 


~"1----- 
•..1----....:{~~, 
...,...i----------_..... 
1M 
L __ 
.- 
-r-!.. 
n 
n--\ 
\ 
,/.' 
/ 
I 
\_. 
_ 


TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING 
OPTIONS 


OPTION 
CHOICES 
STANDARD 
CRT 9021 


Height 
of graphic 
block' 


D7 and D3 
any scan line(s) 
RO, R1, R2 
D6 and D2 
any scan line(s) 
R3, R4. R5 
D5 and D1 
any scan line(s) 
R6, R7, R8 
D4 and DO 
any scan line(s) 
R9,R10,R11.R12,R13,R14,R15 


Width 
of D7. D6, D5, D4" 
any number 
of dots 0 to 8 
C7. C6, C5, C4 
Width 
of D3, D2, D1, DO" 
any number 
of dots 0 to 8 
C3, C2, C1, CO, BF 


, Any graphic 
block pair can be removed 
by programming 
for zero scan lines. 


" 
Total number 
of dots for both must be equal to the total dots per character 
with no overlap. 


TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 


OPTION 
CHOICES 
STANDARD 
CRT 9021 


Backfill 
C1 or CO 
CO 


Horizontal 
position 
for 


D2 and D3 
any scan line(s) 
RO-R15 
R5 


D4 
any scan 
line(s) 
RO-R15 
RO 


D5 
any scan 
line(s) 
RO-R15 
R11 


Horizontal 
length 
for 


D2' 
any continuous 
dots C7-CO, 
BF 
C7-C3 


D3' 
all dots not covered 
by D2 
C3-BF 


Blanked 
dots for serrated 
horizontal 
lines 


D2 
any dot(s) 
C7-CO. BF 
none 
D3 
any dot(s) 
C7-CO. BF 
none 
D4 and D5 
any dot(s) 
C7-CO. BF 
none 


Vertical 
position 
for 


DO and D1 
any dot(s) 
C7-CO, BF 
C3 
D6' 
any dot(s) 
C6-CO, 
BF 
BF 
D7' 
any dot(s) 
C7-CO 
C7 


Vertical 
length 
for 


DO 
any scan line(s) 
RO to R5 
D1 
all scan lines not used by DO 
R6 to R15 


D6 
no choice; 
always 
RO-R15 
RO to R15 
D7 
no choice; 
always 
RO-R15 
RO to R15 


1-D7 
must always 
come 
before 
D6 with no overlap; 
otherwise 
D6 is lost. 


2-D2 
and D3 must always 
overlap 
by one and only one dot. 


TABLE 4 
MISCELLANEOUS 
MASK PROGRAMMING 
OPTIONS 


OPTION 
CHOICES 
STANDARD 
CRT 9021 


Backfill 
in character 
mode 
C7 or CO 
C7 


Character 
blink rate 
8 to 60; divisible 
by 4 
32 


(division 
of VSYNC 
frequency) 
(7.5 Hz to 1 Hz)' 
(1.875 
Hz)' 


Cursor 
blink rate' 
Twice the character 
16 
blink rate 
(3.75 Hz)' 


character 
underline 
position 
any scan line(s) RO-R15 
R11 


cursor 
underline' 
any scan line(s) RO-R15 
not applicable 


underline 


cursor 
format' 
Blinking 
underline 
Blinking 
reverse 
video 
block 
Reverse 
video block 
Blinking 
reverse 
video block 
, 


--- 


1 • Assumes 
VSYNC 
input frequency 
of 60 Hz. 


2 - Valid only if the cursor 
is formatted 
to blink. 


3 - Valid only if the cursor 
is formatted 
for underline. 


4 - Valid for the parallel 
scan line mode only. 


•... 
THREE 
) 
STATE 
DRIVER 


OE 0.- 


- 


L t--- 


A 
OE- '" 


7' •.. 
•.. 
T 
~ 
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" 
07-00 
H 
v 
v 
CHARACTER 
'" 


•.... 
ROM 
CRT 9021 


~ 


VAC 
SYSTEM 
RAM 


OR 
) 
SL3-SLO 
SL3-SLO 


SINGLE 
ROW 
VSYNC 
V_ 
-- 
- 
FROM 
VSYNC 
M 


BUFFER 
CRT 
- 
VIDEO r-- 
I 


CONTROLLER 
RETBL 
RETBL 
X - 
OR 
CURSOR 
CURSOR 
INTOUT r--- 
ER 


MSO 
- 


DOUBLE 
ROW 
MSI 


BUFFER 
BLINK 
CHABL 


INTIN 
REVID 
ATTEN 


r 


LD/SH 


I 
VDC 


CLOCK II 
GENERATOR 


VIOl 
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FIGURE Sa: CRT 9021 SYSTEM CONFIGURATION 
IN PARALLEL 


SCAN LINE MODE• 


SYSTEM 
RAM 


OR 


SINGLE 
ROW 
BUFFER 


OR 


DOUBLE 
ROW 
BUFFER 


THREE 
STATE 
DRIVER 


CHARACTER 
ROM 


CRT 9021 
VAC 


II:ISLG 
w 
::;;j 
SLD 
~5~ VSYNC 
u. 5 
RETBL 
o 
CURSOR 


SLG 
SLD 


VSYNC 
RETBL 


CURSOR 


MSO 
MSI 
BLINK 


CHABL 
INTIN 


REVID 
ATTEN 
LD/SH 


VDC 


PROGRAMMED I 
FOR CURSOR 
FORMAT 


FIGURE 8b: CRT 9021 SYSTEM CONFIGURATION 
IN 
SERIAL SCAN LINE MODE 


VIDEO 


INTOUT 


STANDARD 
MICROSYSTEMS 
CORPORATIONA'I 
CRT 9028 
CRT 9128 


VTLC 
Video Terminal Logic Controller 


FEATURES 
o Built-in High Frequency 
(4-14 MHz) Oscillator 
o Built-in Video Shift Register 
o Built-in Character 
Generator 


OBi-Directional 
Smooth Scroll Capability 
o Visual Attributes 
Include Reverse Video, Intensity 


Control, Underline 
and Character 
Blank 
o Separate 
HSYNC, VSYNC and VIDEO Outputs 
o Composite 
Sync (RS170 Compatible) 
Output 
o Absolute 
(RAM address) 
Cursor Addressing 
o MASK Programmable 
Video Parameters: 


Dots Per Character 
Block (6-8) 
Raster Scans Per Data Row (8-12) 
Characters 
Per Data Row (32, 48, 64, 80) 


Data Rows Per Page (8,10,12,16,20,24 
or 25) 
Horizontal 
Blanking 
(8-64 Characters) 


Horizontal 
Sync Front Porch (0-7 Characters) 
Horizontal 
Sync Duration (1-64 Characters) 


Horizontal 
Sync Polarity 


Two Values of Vertical Blanking 
Two Values of Vertical Sync Front Porch (0-63 Scan 
Lines) 
Two Values of Vertical Sync Duration (1-16 Scan 
Lines) 
Vertical Sync Polarity 
Internal 128 Character 
5x8 Dot Font 


Character/Cursor 
Underline 
Position 


Scan Rowand 
Column for Thin Graphics 
Entity 


Segments 
Scan Rows and Columns for Wide Graphics 
Entity 


Elements 
o Software 
Enabled Non-Scrolling 
25th Data Row Avail- 


able with 25 Data Row/Page 
Display 
o Non-Interlace 
Display Format 
o Separate 
Display Memory 
Bus Eliminates 
Contention 


DA8,[ 
1 
'-' 
40 
DA7 


DA9 [ 
2 
39 
DA6 


DA10 '[ 
3 
38 
DA5 


GND [ 
4 
37 
DA4 


XTAL2 [ 
5 
36 
DA3 


XTAL1 [ 
6 
35 
DA2 
VIDEO 
7 
34 
DA1 
INTOUT 
8 
33 
DAO 


DWR 
9032 
DB7 


DDO 
10 
31 
DB6 


DDl 
[ 
11 
30 
DB5 


DD2 
12 
29 
DB4 
DD3 
13 
28 
DB3 


DD4 
14 
27 
DB2 


DD5 
15 
26 
DB1 
DD6 
16 
25 
DBO 


DD7 
17 
24 
AiD 
HSYNC 
18 
23" 


VSYNC 
19 
22" 
CSYN 
20 
21 
VCC 
I 


CRT 9028 


Pln23 
RD 
Pin 22 
WR 


CRT9128 


Pin23 
Os 
Pln22 
RtW 


Problems 
o Fill (Erase) Screen Capability 
o Standard 8-bit Data Bus Microprocessor 
Interface 
o Wide Graphics with Six Independently 
Addressable 


Segments 
Per Character 
Space 
o Thin Graphics with Four Independently 
Addressable 


Segments 
Per Character 
Space 
o Single + 5V Supply 
o COPLAMOS® 
n-Channel 
Silicon Gate Technology 
o TTL Compatible 


The CRT 9028 VTLC and CRT 9128 VTLC are mask pro- 


grammable 40 pin COPLAMOS® 
n-channel MOS/LSI Video 


Display Controller 
Chips that combine 
video timing, video 


attributes, 
alphanumeric 
and graphics 
generation, 
smooth 


scroll and screen buffer interface functions. 


The VTLC incorporates 
many of the features 
(previously 


requiring 
a number 
of external 
components) 
required 
in 
building a low cost yet versatile display interface. 
An inter- 


nal mask programmable 
128 character 
font provides for a 


full ASCII character 
set. Wide graphics 
allow plotting 
and 


graphing 
capabilities 
while thin graphics 
and visual 
attri- 
The VTLC has an internal crystal oscillator 
requiring only 
butes can make the display of forms straight-forward. 
an external crystal to operate. Masked constants 
for critical 


Two pinout configurations 
enhance 
the versatility 
of the 
video timing simplify 
programming, 
operation 
and improve 
VTLC. The CRT 9028 controls data flow over the processor 
reliability. A separate 
non-scrolling 
status line (enabled 
or 
system data bus through separate read (RD) and write (WR) 
disabled 
by the processor) 
is available 
for displaying 
sys- 
strobes 
for 
use with the 
8085, 
8051, Z80®, 8086, 
and 
tem status. 


369 


similar microprocessors 
or microcomputers. 
The CRT 9128 


regulates 
the data flow with a data strobe (DS) and read/ 


write (R/VII) enable signals for use with the 6500, Z8'·, 68000 
and similar microprocessors 
or microcomputers. 


The VTLC provides two independent 
data buses; one bus 


that interfaces 
to the processor 
and one that interfaces 
to 


the display memory. Data is transferred 
to the display mem- 


ory from the processor 
through the VTLC eliminating 
con- 


tention problems 
and the need for a separate 
row buffer. 


'0 
DISPlAY 
OA.ll).(l 
MEMORY 
ms."," 
ADORESS 


FIGURE 1. VTLC FUNCTIONAL 
BLOCK DIAGRAM 


DESCRIPTION OF PIN FUNCTIONS 


PIN NO. 
SYMBOL 
I/O 
NAME 
DESCRIPTION 


3-1,40-33 
DA10-0 
0 
Display 
11 bit address 
bus to display 
memory 


Address 


4 
GND 
Ground 
Ground 
Connection 


5,6 
XTAL2,1 
I 
Crystal 
2,1 
External 
Crystal 
An external 
TTL level clock may be used to drive XTAL 1 (in 


which case XTAL2 
is left floating). 


7 
VIDEO 
0 
Video 
Output 
This output 
is a digital TTL waveform 
used to develop 
the 


VIDEO 
and composite 
VIDEO 
signals 
to the monitor. 
The 


polarity 
of this signal is: 
HIGH 
= BLACK 
LOW = WHITE 


8 
INTOUT 
0 
Intensity 
This pin is the intensity 
level modification 
attribute 
bit (synchro- 


Output 
nized with the video data output). 


9 
DWR 
0 
Display 
Write strobe to display 
memory 
Write 


17-10 
DD7-0 
I/O 
Display 
8-bit bidirectional 
data bus to display 
memory 
Data 


18 
HSYNC 
0 
Horizontal 
Horizontal 
sync signal to monitor 
Sync 


19 
VSYNC 
0 
Vertical 
Vertical 
sync signal to monitor 
Sync 


20 
CSYNC 
0 
Composite 
This output 
is used to generate 
an RS170 
compatible 
compos- 


Sync 
ite VIDEO 
signal for output 
to a composite 
VIDEO 
monitor. 


21 
V~ 
Power 
5.0 V power connection 


CRT 9028 


22 
WR 
I 
Write Strobe 
Causes 
data on the microprocessor 
data bus to be strobed 
into 


theVTLC 


23 
RD 
I 
Read Strobe 
Causes 
data from the VTLC to be strobed 
onto the micropro- 


cessor 
data bus 


CRT9128 


22 
R/W 
I 
Read/Write 
Determines 
whether 
the processor 
is reading 
data from or writ- 
Select 
ing data into the VTLC 
(high for read, low for write) 


23 
DS 
I 
Data Strobe 
Causes 
data to be strobed 
into or out of the VTLC from the 


microprocessor 
data bus depending 
on the state of the R/W 


signal 


24 
A/D 
I 
Register 
The state of this input pin will determine 
whether 
the data is 


Select 
being read from, or written 
to, the address 
or status 
register, 
or 


a data register. 


32-25 
DB7-0 
I/O 
Processor 
8-bit bi-directional 
processor 
data bus 
Data Bus 


DESCRIPTION OF OPERATION* 


THE VTLC INTERNAL 
REGISTERS 
CHARACTER 
register. This bit is used to synchronize 
data 
CRT 9028 
transfers 
between the processor 
and the VTLC. The VTLC 


Addressing 
of the internal 
VTLC data registers 
of th~ 
will set the DONE bit to a logic one after completing 
a byte 
CRT 9028 
is accomplished 
through 
the use of the AID 
transfer command 
or a FILL operation. 
The DONE bit is set 
select input qualified 
by the RD and WR strobes. 
to a logic zero by reading 
from, or writing 
to, the CHAR- 


ACTER register. The processor 
must wait until the DONE 
AID 
Ri5 WR 
REGISTER 
OPERATION 
bit 
is 
1 before 
attempting 
to 
change 
the 
CURSOR 
o 
1 
0 
WRITE TO DATA REGISTER 
ADDRESS, 
in order to write a character 
to, or read a char- 
o 
0 
1 
READ DATA REGISTER 
acter from, the CHARACTER 
register. 


1 
1 
0 
WRITE 
TO ADDRESS 
REGISTER 
STATUS REGISTER 


1 
0 
1 
READ STATUS REGISTER 
DB7 
DB6 
DB5 DB4 DB3 
DB2 DB1 DBO 


CRT 9128 
DONE 
X 
X 
X 
X 
X 
X 
X 


Addressing of the internal VTLC data re9!§ters of !he CRT 


9128 is accomplished through use of the AID and RIW select 
inputs qualified 
by the DS strobe. 


AID 
DS 
RIW 
REGISTER 
OPERATION 


0 
0 
0 
WRITE TO DATA REGISTER 


0 
0 
1 
READ DATA REGISTER 


1 
0 
0 
WRITE TO ADDRESS 
REGISTER 


1 
0 
1 
READ STATUS REGISTER 


The contents of the seven processor 
programmable 
reg- 


isters located in the upper left hand side of the Functional 
Block Diagram 
of figure 
1 indicate 
the memory 
locations 
from which screen data is to be fetched 
and displayed 
as 


well as the selected modes of display operation. These reg- 
isters are addressed 
indirectly via the Address 
Register. 


To access one of the seven eight-bit 
registers, 
the pro- 
cessor must first load the Address 
Register with the three- 


bit address of the selected 
data register. The next read or 
write to a data register 
will then cause the data register. 


po.!!:Jtedto by the Address Register to be accessed. The Line 
AID controls 
whether 
writing 
is occurring 
to the Address 
Register orlo adata 
register. When a read operation 
is per- 
formed, AID controls 
access to either the Status Register 


or to the data register selected 
by the Address 
Register. 
REGISTER DESCRIPTION 


ADDRESS 
REGISTER 


Writing a byte to the ADDRESS 
register will select the 
specified 
register the next time the processor 
writes to or 


reads the VTLC data registers. The data register addresses 
are as follows: 


STATUS REGISTER 


When reading the STATUS register, the DONE bit (DB7 


of STATUS Register) will represent the current status of the 


DONE = 1 signifies that external processor 
is allowed to 


access cursor ADDRESS 
andlor 


CHARACTER 
registers. 


DONE = 0 signifies that external processor 
must wait 


until VTLC completes 
transfer of data 


between display memory and CHARACTER 
register. 


DATA REGISTERS 
• 
FILADD 
(Fill Address) 
This register 
contains 
the RAM 
- 


address 
of the 
character 
following 
the 
last 


address to be filled. Writing to this register will 
enable the VTLC "fill" circuitry. The FILL oper- 
ation will then be triggered by the next processor 
write 
to the CHARACTER 
register. 
The 
FILL 


operation 
will write the character 
in the CHAR- 


ACTER 
register 
to every 
location 
in display 


memory 
starting 
with the address 
specified 
in 


the CURLO 
and CURHI 
registers 
through 
the 


location preceeding 
the address specified 
in the 


FILADD 
register. 
The cursor 
position 
is not 
changed 
after a FILL operation. 
Note that the 


address bits DA3-DAO are internally forced to 0 
forcing the FILADD address to be 00, 16, 32, etc. 
to 1920. The CURLO and CURHI 
registers will 


not be changed by this operation. 
Writing to the 


CHARACTER 
register 
will cause the VTLC to 


reset DB7 of the STATUS register to "0". Bit 7 
will be set to 1 after the VTLC has filled the last 
memory 
location specified. 


FILADD REGISTER 


DB7 
DB6 
DB5 DB4 DB3 
DB2 DB1 DBO 


X 
DA10 
DA9 
DA8 DA7 DA6 
DA5 DM 


ADDRESS 
TYPE 
REGISTER 


DB7 DB6 DB5 DB4 
DB3 DB2 
DB1 DBO 


X 
X 
X 
X 
0 
1 
1 
0 
Write 
CHIP RESET 


X 
X 
X 
X 
1 
0 
0 
0 
Write 
TOSADD 


X 
X 
X 
X 
1 
0 
0 
1 
Write 
CURLO 


X 
X 
X 
X 
1 
0 
1 
0 
Write 
CURHI 


X 
X 
X 
X 
1 
0 
1 
1 
Write 
FILADD 


X 
X 
X 
X 
1 
1 
0 
0 
Write 
ATTDAT 


X 
X 
X 
X 
1 
1 
0 
1 
RDIWR 
CHARACTER 


X 
X 
X 
X 
1 
1 
1 
0 
Write 
MODE REGISTER 


(X = don't care) 


°NOTE: Chip Reset is required before starting operation. 


TOSADD 
REGISTER 


DB? 
DB6 
DB5 
DB4 
DB3 DB2 
DB1 DBO 


TIM 
DA10 
DA9 
DA8 
DA? 
DA6 DA5 DM 


Note that address 
bits DA3-DAO 
are internally 
forced to 0 forcing the first address at the begin- 
ning of each row to be 00, 16, 32, etc. to 1920. 


The most significant 
bit of this register 
(TIM) 


is used to select 
between 
the two mask pro- 
grammed 
sets 
of vertical 
retrace 
parameters 
(scan 
A and 
scan 
B). This 
allows 
software 
selection 
of, for example, 50/60 HZ. 


TIM = 0 enable raster scan A (60 Hz) 
TIM = 1 enable raster scan B (50 Hz) 


CURLO 
(Cursor 
Low) This register 
contains 
the eight 
lower 
order 
address 
bits of the RAM cursor 
address. 
All FILL screen and character 
transfer 
operations 
begin at the memory location pointed 
to by this address. 


CURLO 
REGISTER 


DB? 
DB6 
DB5 
DB4 
DB3 DB2 
DB1 
DBO 


DA? 
DA6 
DA5 
DM 
DA3 
DA2 DA 1 DAO 


CURHI 
(Cursor 
High) This register 
contains 
the three 
higher address bits of the RAM cursor address 
(DA 10, DA9, DA8). All FILL screen 
and char- 
acter transfer 
operations 
begin at the memory 
location 
pointed to by this address. 
In addition, 


this register 
contains 
the Smooth 
Scroll Offset 
Values SS3-SS0 
which determine 
the number 
of scan 
lines 
that the data 
is shifted 
on the 
screen. The MSB of this register (SLE-status line 
enable) is the enable forthe non-scrolling 
status 
line 
(this feature is available only on a part pro- 
grammed 
for 25 data rows). 


CURHI 
REGISTER 


DB? 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 DBO 


SLE 
SS3 
SS2 
SS1 
SSO DA10 
DA9 
DA8 


SLE = 1 enables 
non-scrolling 
25th 
status line 
SLE = 0 disables 
and blanks non- 
scrolling 
status line 


ATTDAT 
(Attribute 
Data) This register 
specifies 
the vis- 
ual attributes 
of the video data and the cursor 
presentation. 
The visual attributes 
specified 
in 
the ATTDAT register (DB3-DBO) are enabled or 
disabled 
by a TAG bit that is appended 
to the 
ASCII 
character 
written 
to the CHARACTER 
register. Every character 
on the screen with its 
TAG bit set is displayed 
with the same attribute. 
3?2 


There 
are two display 
modes, 
"alphanumerics" 
and 


"graphics". In the alphanumeric 
mode, visual attributes may 
be selected 
by the TAG bit. In the graphics 
mode, a tagged 
character 
will be a normal 
alphanumeric 
character. 
This 
allows a screen 
to display a mix of graphic 
and alphanu- 
meric characters 
or visually attributed 
alphanumeric 
char- 
acters. 
The display 
variations 
of the alphanumerics 
and 
graphics 
modes are summarized 
by the following: 


ATTDAT REGISTER 


DB? DB6 DB5 
DB4 
DB3 
DB2 DB1 
DBO 


MODE 
DB? = 1 
SELECT 


CURSOR 
DB6 = 1 
SUPPRESS 


CURSOR 
DB5 = 1 
DISPLAY 


enables graphics 
mode display (No 
attributes 
allowed) 
enables alpha 
mode display 


inhibits VIDEO dis- 
play at cursor time 
by forcing the 
VIDEO output to 
background 
level 
during cursor dis- 
playtime 
enables 
VIDEO 
display at cursor 
time 
Note: a blinking 
cursor display can 
be achieved 
by 
toggling this bit 
under processor 
control. 


enables 
underline 
cursor display 
enables 
block cur- 
sordisplay 
Note: An underline 
cursor in an under- 
line character 
attribute 
field will 


be dashed. 


for white screen 
and black 
characters 
for black screen 
and white 
characters 
Note: this is a 
screen attribute 
(versus character 
attribute) 
bit and 
sets the default 
Video background 
level. 


t- 
ai 
CJ 
~ 
in 
Cl 
DB2 
w 
-.J 
CD 
<l: 
(/)o 
a:o 
Clw 
ffi 
DB1 
<l:z 
W 


CHARACTER 
DB3 = 1 
to enable Video 


SUPPRESS 
suppress 
DB3 = 0 
to inhibit Video 
suppress 
This bit allows 
character 
blinking 
and blanking 
under 
processor 
control 


register. 
The VTLC 
takes that characte~ 


and stores it in the display memory 
in the 


location 
specified 
by the 
CURLO 
and 


CURHI 
registers. 
In Byte Transfer 
Read 


Mode, 
the processor 
reads this register 


causing 
the VTLC to fetch the character 


whose address 
is specified 
in the CURLO 


and 
CURHI 
registers 
from 
the display 


memory 
and place it in the CHARACTER 


register. 
The processor 
then 
reads 
the 


character 
and initiates another fetch from 


memory cycle. In FILL mode, writing a byte 
to this register will initiate a FILL operation. 
All VTLC/memory 
data transfers take place 


during horizontal and vertical video retrace 
blank time. 


CHARACTER 
REGISTER 


DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 


TAG BIT 
+? 
BIT ASCII CHARACTER 


CHARACTER 
SET 


Using the DB?-DBO data bus I/O pins and the MOD SEL 


bit in the ATTDAT register, the user can address 
128 char- 


acters, a six segment 
"wide graphics" 
and a four segment 
"thin graphics" 
entity. Included 
in the 128 mask program- 


mable characters 
can be the 96 standard 
ASCII characters 


and 32 special characters. 
• 


INTENSITY 
DB2 = 1 
allows the INTOUT 
output pin to go 
high for the char- 
actertime 
DB2 = 0 
inhibits the 
INTOUT output pin 
from going high 


UNDERLINE 
DB1 = 1 
will cause the char- 
acterto 
be 
underlined 
DB1 = 0 
will inhibit the 
underline 


REVERSE 
VIDEO 
DBO = 1 
will cause the 
standard 
fore- 
ground and back- 
ground Video 
levels (selected 
with DB4) to be 
reversed for the 
character 
time 
DBO = 0 
will inhibit reverse 
video 


A. (MODE 
SEL = 1) GRAPHICS 
MODE 


This mode allows 
an intermix 
of alpha-numeric 
and 


graphics characters. 
No attributes 
are permitted 
in this 


mode. If TAG BIT = 1, the character 
will be an alpha- 


numeric. 
If TAG BIT = 0, the character 
will be a graph- 


ics character. 


CHARACTER 
REGISTER 


ALPHANUMERIC: 
TAG BIT = 1 


DB? 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


TAG = 1 
I-- 
ALPHA-NUMERIC 
CHARACTER--l 


CHARACTER 
REGISTER 


GRAPHICS: 
TAG BIT = 0 


DB? 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


TAG=O 
WIT 
SEG6 SEG5 SEG4 
SEG3 
SEG2 SEG1 


DB6 
WIT 
= 1 specifies 
a wide graphics 


character 
WIT 
= 0 specifies 
a thin graphics 


character 


WIDE GRAPHICS 
ONLY: 


DB5-4 
SEG6-5 
= 1 to turn on graphics 


entity segment 


SEG6-5 
= 0 to turn off graphics 


entity segment 
CHARACTER 
This register 
allows access to the display 


memory 
for both byte transfers 
and FILL 


operations. 
In BYTE Transfer Write Mode, 


the processor first writes a character to this 
3?3 


The AUTO 
INCREMENT 
bit in this register 


specifies 
whether 
or not the display memory 


character 
address 
is automatically 
incre- 


mented by the VTLC after every read/write 
of 


the CHARACTER 
register. Note: The visible 


cursor position 
is not affected. 


DB? 


AUTO 
INC 


MODE 
REGISTER 


DB6 
DB5 
DB4 DB3 
DB2 
DB1 DBO 
X 
X 
X 
X 
X 
X 
X 


DB? AUTO 
DB? 
= 
1 to 
enable 
INCREMENT 
automatic 
character 


address 
The 
RAM 
address 
is 
incremented 
after 
the 
VTLC completes 
a dis- 


play 
memory 
access 


initiated 
by a processor 
to 
RAM 
or 
RAM 
to 
processor 
character 


transfer. 


DB? 
= 
0 to 
disable 


automatic 
increment 


Note that DB5 and DB4 have no meaning 
in the 


thin graphics 
entity. 


DB3-0 
SEG4-1 
if any bit = 1, corresponding 
graphics 
entity segment 
ON 


It any bit = 0, corresponding 
graphics 
entity segment 
OFF 


This mode allows display of alpha-numeric 
characters 
with attributes. 
If DB7 is set to a logical one, the attri- 
bute(s) specified 
in the ATTDAT 
register will be ena- 
bled for that character. 
if TAG BIT is cleared, attributes 
will not be enabled for that character. 


DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 


TAG 
f-- ALPHA-NUMERIC 
CHARACTER--l 


DB7 = 1 to enable attribute(s) 
for character. 
DB7 = 0 to disable attribute(s) 
for character. 


DB6-DBO Specify character 


SEGMENT 
SEGMENT 
6 
3 


SEGMENT 
SEGMENT 
5 
2 


SEGMENT 
SEGMENT 
4 
1 


WIDE GRAPHICS 
ENTITY 


NOTE: 
scan 
line and column 
of segment 
locations 
are mask programmable. 


SEGMENT3 


SEGMENT4 
SEGMENT2 


SEGMENT 
1 


NOTE: 
scan 
line and column 
of segment 
locations 
are mask programmable. 


The VTLC circuitry 
provides 
two control functions. 
One 
function 
interprets 
and controls 
data from the system pro- 
cessor interface 
through the data bus DB7-DBO as shown 
in the Processor 
Timing of figure 3. The other function gen- 
erates and refreshes the video image on the screen through 


the 007-000 
data bus as shown 
in the Display 
Memory 
Timing of figure 2. Because the system data bus is isolated 
from the display 
data bus, the VTLC maintains 
complete 
control over access to display memory. All data flow between 
display 
RAM and the processor 
or the VTLC takes place 
through 
the VTLC. 
Refer to the VTLC 
Display 
Memory 
Access Timing of figure 7. 


DISPLAY 
MEMORY 
ACCESS 


Processor/display 
memory 
access 
is accomplished 
through the CHARACTER 
register of the VTLC. All proces- 
sor transfers to or from the CHARACTER 
register take place 
only when the DONE bit is high. The DONE bit is used to 
synchronize 
data transfers 
between the VTLC and the pro- 
cessor as shown in the Typical Processor To Display Mem- 
ory Transfer of figure 6. When the processor needs to store 
a byte of data in the display memory, it will write the byte to 
the CHARACTER 
register 
of the VTLC. 
The VTLC 
will 
immediately 
reset the DONE bit indicating that the transfer 
hardware is busy. At the next blanked Video time, the VTLC 
will store the byte in the dis:Jlay memory, 
increment 
the 
character 
address, 
(if auto increment 
is enabled) 
and set 
the DONE bit. When the processor 
needs to read a byte of 
data from the display memory, it will read the CHARACTER 
register. The VTLC will fetch the desired byte from the dis- 
play memory 
during the next blanked 
VIDEO time, incre- 


ment the character 
address (if enabled). 
and set the DONE 
bit. When the processor 
detects that the DONE bit is set, it 
will read the CHARACTER 
register to getthe data byte from 
the VTLC. This read will reset the DONE bit and cause the 
VTLC to fetch the next byte of data from the memory. 


If auto increment 
is not enabled, 
the processor 
must set 
the cursor address in the CURLO and CURHI register to the 
address of the memory 
location being read from, or written 
into, before every access to the CHARACTER 
register. 


It should be noted that Auto Increment does not affect the 
visible 
cursor 
location. 
If auto-increment 
is enabled, 
the 
current character 
location will equal the cursor position only 
for the first character 
transfered 
following 
an update of the 
CURLO and CURHI registers. 
Note that the DONE bit must 
be high before attempting 
to update the cursor 
registers 
because 
the loading 
of the cursor 
registers 
will reset the 
character 
position counters 
to the cursor position. 


SMOOTH 
SCROLL 


The VTLC may be programmed 
to do either "jump" 
or 


"smooth" 
scrolling. 
Jump 
scrolling 
moves the data up or 
down the monitor 
screen one data row at a time. Smooth 
scrolling 
moves the data up the monitor 
screen one scan 
line at a time. The number 
of scan lines and the rate they 
move up the screen is under processor 
control. 


Smooth 
scroll is controlled 
through 
manipulation 
of the 
SS3-SS0 
bits of the CURHI 
register. These bits represent 
the binary address of the first scan line of the first data row 
displayed 
on the monitor 
screen 
(the data 
row whose 
beginning 
address 
is in the TOSADD 
register). 
When the 
value represented 
by these bits is incremented, 
the video 
data on the monitor screen moves up by the same number 
of scan lines. After the address 
of the last scan line of the 
data row is loaded into the CURHI register and the VIDEO 
data has moved up the last scan line of the data row, the 
processor 
resets the SS3-SS0 
address to point to scan line 
374 


o and does a jump scroll. Jump scroll is accomplished 
by 


incrementing 
the RAM address in the TOSADD 
register by 
a data row length (so that it points to the address of the first 
character 
of the new top data row on the monitor). 


When programmed 
for a data row of 80 characters/data 


row display (1920 data words), for example, the display RAM 
contains 25 actual rows of data (2000 RAM locations). 
lithe 


smooth scroll offset equals zero, the VTLC will display the 
1919 RAM locations 
following 
the top of screen 
address 


when displaying 
data. The first data row is partially scrolled 


off the screen 
and the 25th data row is scrolled 
onto the 


screen when the smooth 
scroll offset is incremented. 
The 


VTLC will now display the 1999 RAM locations following the 
top of screen address 
(wrapping 
to 0 after address 1999). 
After the VTLC does a jump scroll, the processor 
will pro- 


gram it to erase the line just scrolled off the screen (prepar- 
ing it to be scrolled onto the screen). This line now becomes 
the non-displayed 
25th data row. 


NON-SCROLLING 
STATUS LINE 


The non-scrolling 
status line is only functional on a VTLC 


that has been programmed 
for 25 data rows. This data row 


will remain stationary 
at the bottom of the screen and will 


not move up the screen when the remainder 
of the display 


data is scrolled. 
Otherwise, 
VIDEO data on the status line 


may be manipulated 
as though it were normal display data. 


The smooth scroll offset will not function properly when the 
status line is enabled. 
The memory address of the charac- 


ters on the status line are always characters 1920-1999. 
NOTE: If the part is programmed 
for 25 data rows an addi- 
tional mask option must be specified which makes the 25th 
data row either fixed 
(always 
displayed) 
or a status 
row 


(enabled/disabled 
by the SLE bit). 


The CRT 9028 and CRT 9128 Chip Reset requires two 


steps. The system processor 
first writes the reset address 


to the address register of the VTLC. The system processor 
then writes a dummy character 
to the VTLC Data register. 
Writing to the Data register resets the chip. The only state 
affected by the reset function is the setting of the DON E bit 
in the STATUS register. 


ROM CHARACTER 
BLOCK 
FORMAT 
I 


COLUMN DOT 
-> 
C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 


SCAN LINE 0 
-> 
0 
0 
0 
0 
0 
0 
0 
0 


SCAN LINE 1 
-> 
0 
0 
0 


SCAN LINE 2 
-> 
0 
0 
0 


SCAN L1NE3 
-> 
0 
MASK PROGRAMMABLE 
0 
0 
CHARACTER BLOCK 


SCAN L1NE4 
-> 
0 
(FONT) 
0 
0 
5X8 


SCAN LINE 5 
-> 
0 
0 
0 


SCAN LINE 6 
-> 
0 
0 
0 


SCAN LINE 7 
-> 
0 
0 
0 


SCAN LINE 8 
-> 
0 
0 
0 


SCAN LINE 9 
-> 
0 
0 
0 
0 
0 
0 
0 
0 


SCAN LINE 10 
-> 
0 
0 
0 
0 
0 
0 
0 
0 


SCAN LINE 11 
-> 
0 
0 
0 
0 
0 
0 
0 
0 


Mask programmable 
options-The 
ROM character block format above shows the 5X8 mask programmable 
character font 
within the character cell as defined by dots C7 through COand scan lines 0 through 11. 


Dots/Character: 
6 dots/character 
cell = > C7 - C2 displayed 


7 dots character cell = > C7 - C 1 displayed 
8 dots charac!er cell = > C7 - COdisplayed 


Column dots COand C1 will be the same as column dot C7 when more than 6 dots/character 
cell are specified 
when generating alpha-numerics. 


NOTE: The maximum dot clock crystal frequency is dependent on the dots character programmed: 


DOTS/CHARACTER 
MAX XTAL FREQ 


6 dots 
10.5 MHz max' 


7 dots 
12.25 MHz max' 
8 dots 
14.0 MHz max' 


'These 
values are preliminary 
Scan Lines per Character: 
8 scan lines character ~ > SLO - SL7 displayed 
9 scan lines character = > SLO - SL8 displayed 


10 scan lines character = > SLO - SL9 displayed 
11 scan lines character = > SLO . SL10 displayed 
12 scan lines character ~ > SLO - SL11 displayed 


Thin and Wide Graphics: 
Dots mask programmed for vertical column C2 will be the same as backfill Columns 0 and 1 
when generating Wide and thin graphics. 


Positive Voltage on any Pin, with respect to ground 
+ 8.0V 


Negative Voltage on any Pin, with respect to ground 
- 0.3V 


·Stresses 
above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation 
of the device at these or at any other condition 
above those indicated 
in the operational 
sections 
of this 
specification 
is not implied. 


NOTE: When powering this device from laboratory 
or system power supplies, 
it is important 
that the Absolute 
Maxi- 


mum Ratings not be exceeded 
or device failure call result. Some power supplies 
exhibit voltage spikes or "glitches" 


on their outputs when the AC power is switched 
on and off. In addition, voltage transients 
on the AC power line may 
appear on the DC output. If this possibility 
exists, it is suggested 
that a clamp circuit be used. 


ELECTRICAL 
CHARACTERISTICS 
(TA =O°C to 70°C, Vcc = + 5V ± 5%, unless otherwise 
noted.) 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


DC CHARACTERISTICS 


INPUT VOLTAGE LEVELS 


Low-level, Vii 
0.8 
V 


High-Level, 
Vih 
2.2 
V 


OUTPUT 
VOLTAGE LEVELS 
0.4 
V 
All outputs except 
Low-level, 
Vol 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 
101 = 1.6 mA 
Low-level, 
Vol 
0.4 
V 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 
101 = 0.4 mA 
High-level, 
Voh 
2.4 
V 
All outputs except 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC;loh 
= 


High-level, 
Voh 


~A 
2.4 
V 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 
loh = 
-20fJ.A 


INPUT LEAKAGE 
CURRENT 


High-level, 
IIh 
10 
fJ.A 
All inputs; Vin = Vcc 


Low-level, 
III 
-10 
fJ.A 
Allinpu~ 
_ 


except~R, 
RD, 


OS, R/W; Vin = .04V 
Low-level, 
III 
-200 
fJ.A 
WR,RD, 
OS, R!W; Vin = O.4V 
INPUT CAPACITANCE 


All inputs, Cin 
15 
pF 


OUTPUT 
LOAD 


CL 
15 
pF 
Except 087-0 
CL 
100 
pF 
087-0 


POWER 
SUPPLY CURRENT 


Icc 
125 
mA 


AC CHARACTERISTICS 


CLOCK 
FREQUENCY, 
fin 
1.0 
14.0 
MHz 


DISPLAY 
MEMORY 
TIMING 


Address 
Set-up Time 


tAS 
20 
ns 


Write Strobe Set-up Time 


tWST 
80 
ns 


Data Set-up Time 


tST 
80 
ns 


Data Hold Time 
tOH 
10 
25 
ns 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


Address 
Hold Time 


tAHT 
25 
ns 
Output Hold From Address Change 
tOH 
15 
ns 


Address Access Time 


tAA 
250 
ns 


PROCESSOR 
TIMING 


Address 
Read/Write 
Set-up 


tARwS 
160 
ns 


Write Pulse Width 


twpw 
160 
ns 


Write Hold Time 
tWHT 
15 
ns 
Read Set-up Time 
tRST 
200 
ns 
Read Data Valid 
TRov' 
0 
ns 


Read Pulse Width 


tAPW 
250 
ns 
Data Write Falling Set-up 


tOWFS 
120 
ns 
Data Write Rising Set-up 
t 
160 
ns 
I 


Crystal specification 
(Applies 
for 4-14 MHz): 


Series 
Resonant 
50 ohms max series resistance 
1.5 pf typ parallel capacitance 
Operation 
below 4 MHz requires 
external crystal oscillator 


AEAODATA 
FROM 
RAM 


VTLC 
INPUT 
FROM 
RAM 


NOTE, 
DISPLAY 
ADDRESS 
BUS 
DA'O·DAO 
MUST 
NOT CHANGE 
WHILE 
DWR 
IS LOW 


FIGURE 2. DISPLAY MEMORY TIMING 


PROCESSOR 


TO VTLC 
READS 
VTLC 
(1) If set-up 
time is not met, screen 
may ~Iitch when 
cursor 
or attribute 
registers are changed during active video time. 


(2) Minimum 
set-up 
time to ensure 
valid data into VTLC 
internal 
registers. 


DATA VALID 


PROCESSOR 
READS 
VTLC 


VERTiCAL 
SYNC 


I 
DURATION 
I 


I 
,. 
" 
I 


VSYNC 
~ 
_ 
I 
I 


DELAY 
I 
I 
I 
I 


VSYNC 
~I_~r__\~_~I 
..,,/~/----~( 
I 
1 
I 
I 
7/ 


I 
I 


V BLANKING 
/---------\ 
/ / 
r--- 
I+- NUMBER 
OF BLANKED --+I 
7;r---, 


I 
SCAN LINES 
__ 
~Y~e'i.~~,p6 
----t 


DATA ROWS 


HORIZONTAL 


SYNC 
DURATION 


I~ 
I 
- 
I+- 
I 
I 
I 
I 
I 
I 
I 
r--\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
H BLANKING 
~/~--------\ 
1/ 
r--- 
I+-- 
NUMBER 
OF 
~~----(/ 
r---, 


CHB;t~~f~RS 
..- 
~Y~~~O~t 
---+t 


CHARACTERS 


HSYNC.Jl 
n 
n 
n 
n 
n 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
VSYNC 
I 
1 
I 
I 
I 
I 
~.. 
H----j 
I 
I 
I 
I 
t--HI2---l 
I 
I 
I 


___ n 
_ 


.-jdt-- 


CSYNC ---U~--- 


1007-0XXXXXXXXX 


PROCESSOR 
BUS 
~ 


xxxxxxxxxxxxxxxx 


PROCESSOR 
WRITES 
CHARACTER 
VTLe 
CHARACTER 
REGISTER 


(CAUSES 
DONE BIT RESET) 


r-D07-O 


DISPLAY 
BUS 


~WR 


DONE 
= 1 SIGNIFlES 
THAT PROCESSOR 
MAY ACCESS 
CHARACTER 
REGISTER 
DONE 
= 0 SIGNIFIES 
THAT PROCESSOR 
MAY NOT ACCESS 
CHARACTER 
REGISTER 


'DONE 
(oB7 OF STATUS 
REGISTER) 


jjj~~------H----\---------- 
I 


DWR 
PROCESSOR WRITES/READS TO /FROM 
\ 
I 


CHARACTER REGISTER 
'- 
-' 
HIGH FOR READ 
~ 
I 
LOW FOR WRITE 11/ 
II 


BLANKING - 


DONE 
(DB7 OF STATUS 
REGISTER) 


PROCESSOR WRITES TO FILADD REGISTER 
FOLLOWED BY WRITE TO CHARACTER REGISTER 
( 


DONE 
(DB7 OF STATUS 
REGISTER) 


• 


COLUMN 
DOT 
-> 
C7 
C6 
C5 
C4 
C3 
C2 
C1 


SCAN 
LINE 0 
-> 
0 
0 
0 
0 
0 
0 
0 


SCAN 
LINE 
1 
-> 
0 
0 


SCAN 
LINE 2 
-> 
0 
0 


SCAN 
LINE 3 
-> 
0 
CHARACTER 
BLOCK 
0 
5 X8 
CELL 


SCAN 
LINE 4 
-> 
0 
0 


SCAN 
LINE 5 
-> 
0 
0 


SCAN 
LINE 6 
-> 
0 
0 


SCAN 
LINE 7 
-> 
0 
0 


SCAN 
LINE 8 
-> 
0 
0 


SCAN 
LINE 9 
-> 
0 
0 
0 
0 
0 
0 
0 


DOTS PER CHARACTER: 
7 


DOT CLOCK 
XTAL FREQUENCY 
(MHz): 
10.92 


II. 
HORIZONTAL 
TIMING 
(IN CHARACTER 
TIMES): 


CHARACTERS 
PER DATA ROW: 
80 


HORIZONTAL 
BLANKING: 
20 


HQRIZONTAL 
SYNC DELAY: 
4 


HORIZONTAL 
SYNC PULSE WIDTH: 
8 


HORIZONTAL 
SYNC POLARITY: 
NEGATIVE 
ACTIVE 


I---HORIZ 
BLANKING--l 
ACTIVE 
VIDEO 
I 
I 
ACTIVE 
VIDEO 


VIDEO 
---------,----------1--------- 


HORIZ 
SYNC 
DELAY 
-I--.!--HORIZ 
SYNC---.j 
PULSE 
WIDTH 


VERTICAL 
TIMING: 
CHARACTER 
ROWS: 
SCAN LINES PER CHARACTER: 
TOTAL VISIBLE 
SCAN LINES: 


VERTICAL 
SYNC POLARITY: 


VERTICAL 
SYNC TIMING 
(IN SCAN LINES): 


60 Hz VERTICAL 
BLANKING: 
60 Hz VERTICAL 
SYNC DELAY: 


60 Hz VERTICAL 
SYNC PULSE WIDTH: 


ALTERNATE 
(50 Hz) VERTICAL 
BLANKING: 


ALTERNATE 
(50 Hz) VERTICAL 
SYNC DELAY: 
ALTERNATE 
(50 Hz) VERTICAL 
SYNC PULSE WIDTH: 


l...- VERTICAL 
BLANKING--I 
ACTIVE 
VIDEO 
1- 
I 
---- 
----I----------~I 
=_-_-_-_-__-_-_-_-_ 


24 


x 10 
240 
NEGATIVE 
ACTIVE 


I~ 
----- 
VERT 
SYNC ---1 
PULSE 
WIDTH 
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V. 
COMPOSITE 
SYNC OUTPUT 
(IN CHARACTER 
TIMES): 


COMPOSITE 
SYNC DELAY: 
COMPOSITE 
SYNC PULSE WIDTH: 


VIDEO 


CSYN 


ACTIVE 
VIDEO 
--------1 


ACTIVE 
VIDEO 
1-------- 


SCAN 
LINE ° -> 


SCAN 
LINE 
1 -> 


SCAN 
LINE 2 
-> 


SCAN 
LINE 3 
-> 


SCAN 
LINE 4 
-> 


SCAN 
LINE 5 
-> 


SCAN 
LINE 6 
-> 


SCAN 
LINE 7 
-> 


SCAN 
LINE 8 
-> 


SCAN 
LINE 9 
-> 


SEGMENT 
6 
SEGMENT 
3 


SEGMENT 
5 
SEGMENT 
2 


SEGMENT 
4 
SEGMENT 
1 
I 


VIII. 
THIN GRAPHICS 
FIGURE 
DEFINITION: 


COLUMN 
DOT -> 
C7 
C6 
C5 
C4 
C3 
C2 
C1 


SCAN 
LINE ° -> 


S 


SCAN 
LINE 1 
-> 
E 
G 


SCAN 
LINE 2 
-> 
M 
E 
N 
SCAN 
LINE 3 
-> 
T 


SCAN 
LINE 4 
-> 
3 


SCAN 
LINE 5 
-> 
SEGMENT4 
SEGMENT2 


SCAN 
LINE 6 
S 
-> 
E 
G 


SCAN 
LINE 7 
-> 
M 
E 


SCAN 
L1NE8 
-> 
N 
T 


SCAN 
LINE 9 
-> 
1 


SEGMENT 
4 = SCAN 
LINE 5: C7, C6, C5, C4 


SEGMENT 
3 = C4; SCAN 
LINES 
0, 1,2,3,4,5 


SEGMENT 
2 = SCAN 
LINE 5; C4, C3, C2, C1 


SEGMENT 
1 = C4; SCAN 
LINES 
5,6,7,8,9 
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KEYBOARD 
CONN 


30 pf D3o,Pf 


~ 
~ 


XTAL 1 
XTAL2 
P2.3 


INTO 
P2.2 


P2., 


INT1 
P2.0 


P2.5 


COMM 
CONN 


TxD 
PO.7-PO.O 


w 
8051 
Cf) 
OR 
I\) 
EQUIVALENT 


OPTIONAL 
SERIAL 
EEROM 


CS 


SK 


01 
DO 


PRINTER 1488 
2KX8 
CONN 
STATICRAM 


CRT 9028 
TYPICAL APPLICATION 


INT1 


INTQ' 


INT2 


PORT 
BITIN 


BIT 


PROG 


PORT 


PORT 
AD7·ADQ' 


Z8ILC 
OR 
EQUIVALENT 


PORT 
BIT IN 


HDX 
(PORT 
BIT) 


PORT 
BIT 
OUT 


DS 


R/IN 


OPTIONAL 
SERIAL 
EEROM 


CS 


SK 


DI 


DO 


DB7-DB.0' 
- 


DWR 


CRT9128 


DISPLAY MEMORY 


DA1Q'·DA0' 
ADDRESS 
BUS 
A1.ll'·A0' 


2KX8 
STATIC RAM 


AID 


DS 
DD7·DDQ' 
DATA BUS 
D7-DQ' 


R/IN 


CRT 9128 
TYPICAL 
APPLICATION• 


:: 
<b 
.00.0000 
0.0.0000 
00000080 
uu.u.uuu 
UU.UOODO 
.OOUDODO 
00.00000 
000.0000 
() 
0.00.000 
0•• 00000 
00000000 
0.000.00 
0.000000 
0.000000 
000.0000 
000.0000 
00.00.00 
0•••• 000 
00000000 
.00000.0 
•••••••0 00.00000 
00 ••••• 0 0000.000 
- 
••••••• 0 
000000.0 
000.0000 
00.0.000 
••••••• 0 
00000000 
000 •••• 0 
00000000 


§ 


N 
.0.0.0.0 
••••• 0.0 
000.0000 
00.0.000 
0.000000 
00000000 
00.00000 
000.0000 
J, 
•• 000 •• 0 
.000.0.0 
000.0000 
00.0.000 
00 •• 0000 
••••••• 0 
000 •• 000 
0•• 0•• 00 
() 
••• 0••• 0 
.000.0.0 
000.0000 
00.0.000 
0.000000 
.00000.0 
00.00000 
.00000.0 
••••••• 0 
000000.0 
000.0000 
00.0.000 
••••••• 0 
ODOOOOQO 
00 ••••• 0 
00000000 


000.0000 
0000.0.0 
00000000 
00000000 
000000.0 
00000.00 
00000000 
00000000 
§ 
N 
00 ••• 000 
000.00.0 
00000000 
.00000.0 
000000.0 
0000.000 
000000.0 
00000000 
J, 
0.0.0.00 
00.000.0 
00000 •• 0 
0.000.00 
000000.0 
000.0000 
••••••• 0 
••• 0••• 0 
- 
() 
000.0000 
0.0000.0 
0000000. 
00.0.000 
000000.0 
00.00000 
.00000.0 
00000000 
000.0000 
.00000.0 
00000000 
000.0000 
•••••••0 
0.000000 
00000000 
00000000 


00.00000 
••••••• 0 000.0000 
00000000 
.00000.0 
00000000 
00.000.0 
00000000 
N 
0.000000 
.0.0.0.0 
000.0000 
00000000 
0.000.00 
.00000.0 
000.0.00 
.00000.0 
a 
J, 
•••••••0 .0.0.0.0 
0••••• 00 
00.00 •• 0 
00.08000 
•••••••0 0000.000 
0•• 0•• 00 
() 
0.000000 
.00000.0 
000.0000 
0000000. 
000.0000 
00000000 
0000.000 
000.0000 
00.00000 
••••••• 0 000.0000 
0000.0000 
••••••• 0 
00000000 
••••••• 0 
00000000 
0000.000 
.000.0.0 
0.0.0.00 
00000000 
•••••• 00 
•• 0000.0 
00000000 
00.000.0 
0 
N 
00000.00 
•• 00.0.0 
00 ••• 000 
00000000 
000000.0 
.0.000.0 
.0••••• 0 
00 •• 00.0 
§ 
J, 
••••••• 0 
•0.0.0.0 
••••••• 0 
00.00.00 
000000.0 
.00.00.0 
0000000 • 
00.0.0.0 
() 
00000.00 
.00 •• 0.0 
00••• 000 
00000000 
000000.0 
.000.0.0 
0000000 • 
00.00 •• 0 
0000.000 
.000.0.0 
0.0.0.00 
00000000 
0000 •• 00 
•0000 •• 0 
000000.0 
00.000.0 


000000.0 
.00000.0 
00 ••• 000 
0•••• 000 
00000000 
•• 000000 
00000000 
00 ••••• 0 
a 


N 
000000.0 
0.0000.0 
0.000.00 
:BB:B~iB .00000.0 
00.00000 
000000.0 
00000.0. 
J, 
000.00.0 
00 ••• 0.0 
.00000.0 
••••••• 0 
000 •••• 0 •0•••••0 
00000.0 • 
~ 
() 
000000.0 
0.0000.0 
00000000 
•00.0000 
.00000.0 
00.00000 
00.000.0 
00000.0 • 
000000.0 
.00000.0 
00000000 
0•• 00000 
00000000 
•• 000000 
00000000 
00 ••• 000 


000.0000 
.000.0.0 
00000000 
0•• 0•• 00 
•••••••0 
•• 000 •• 0 
000 •••• 0 
00.000.0 
§ 
N 
000.0000 
0.0.00.0 
00000000 
.00.00.0 
000.0000 
00.0.000 
00.00000 
000.0.00 
J, 
0.0.0.00 
00.000.0 
.00000.0 
.00.00.0 
000.0000 
000.0000 
00.00000 
0000.000 
() 
00••• 000 
0.0.00.0 
0.000.00 
.00.00.0 
000.0000 
00.0.000 
000.0000 
000.0.00 
000.0000 
.000.0.0 
00 ••• 000 
0•• 0•• 00 
••••••• 0 
•• 000 •• 0 
••••••• 0 
00.000.0 


000.00.0 
•••• 00.0 
00000000 
•• 000000 
0.00 ••• 0 
•••••• 00 
000 •••• 0 
00 •••• 00 
N 
0••• 00.0 
0000.0.0 
00000000 
.0.00000 
•000.0.0 
000000.0 
00.00.0 • 
000000.0 
J, 
.000.0.0 
00 •• 00.0 
•• 000000 
.0')••.••0 •00000.0 
000 ••• 00 
00.00.0 • BBBB~~iB 
a 
() 
0••• 00.0 
0000.0.0 
00.00000 
.0000000 
•00000.0 
000000.0 
00.00.0 • 
000.00.0 
•••• 00.0 
00000000 
.0000000 
0 ••••• 00 
•••••• 00 
000 •• 00. 
00 •••• 00 


.00000.0 
••• 000.0 
0000.0.0 
.000·•• 00 
.0000000 
••••• 000 
0.000000 
oo.aoooo 
~ 
N 
.0.000.0 
000.00.0 
00000.00 
.00.00.0 
.00.0000 
00000.00 
.00.0000 
0000 •• 00 
J, 
.0.000.0 
0000.0.0 
0•• 0.0.0 
.00.00.0 
.00.0000 
000000.0 
.00.0000 
000000.0 
a 
() 
••••• 0.0 
000.00.0 
.00.00.0 
0.0.00.0 
.00.0000 
00000.00 
0•••••• 0 
0000 •• 00 
000000.0 
••• 000.0 
0••0••00 
00•••• 00 •••••••0 ••••• 
000 
000.0000 
00 •• 0000 
---- -------- 


.000.0.0 
•••• 00.0 
0.000 •• 0 
.00 ••• 00 
.00000.0 
•••••• 00 
000••000 
00•••••0 
a 
N 
.0.0.0.0 
0000.0.0 
00.00 •• 0 
.0.000.0 
.00.00.0 
000000.0 
00.0.0.0 
00000.00 
J, 
.0.0.0.0 
0000.0.0 
000.0000 
.0.000.0 
.00.00.0 
000000.0 
00.0.0.0 
000000.0 
a 
() 
••••• 0.0 
•••• 00.0 
•• 00.000 
.0.000.0 
.00.00.0 
000000.0 
00.0.0.0 
000000.0 
000000.0 
000000.0 
•• 000.00 
••• 00.00 
•••••••0 •••••• 00 
000•••00 
00•••• 00 


0••• 00.0 
000.00.0 
0.00.000 
0000.000 
0•••••00 
.0000000 
••••••• 0 
00000000 


8 
N 
.000.0.0 
••••• 0.0 
0.0.0.00 
••••••• 0 
.00000.0 
.0000000 
000.00.0 
00.000.0 
J, 
.000.0.0 
0.0.00.0 
••••••• 0 
0.00.000 
.00000.0 
••••••• 0 
00.000.0 
•••••• 00 
a 
() 
••••• 0.0 
00 •• 00.0 
0.0.0.00 
00.0.000 
800000.0 
.0000000 
00.000.0 
00.00000 
000000.0 
000000.0 
00.00.00 
000 •• 000 
•••••••0 .0000000 
000••• 00 
00000000 


00000000 
000000.0 
00.08000 
••00••00 0.000.00 
0.00 •• 00 
008000.0 
00.00.00 
N 
••••••• 0 0••• 00.0 
••••••• 0 
.0 •• 00.0 
.00000.0 
.00.00.0 
00.000.0 
00.0.0.0 
8 
J, 
0••••• 00 
.0.0.0.0 
00.0.000 
.00.00.0 
.00000.0 
.00.00.0 
00.000.0 
00.0.0.0 
() 
00 ••• 000 
.0.0.0.0 
••••••• 0 
.00000.0 
.00000.0 
.00.00.0 
00.000.0 
00.0.0.0 
000.0000 
000000.0 
00.0.000 
.0000.00 
0••••• 00 
0•• 00.00 
000 ••• 00 
')00.00.0 


000.0000 
000000.0 
·00000000 
0••000.0 
0•• 0••00 
0•• 000.0 
000••• 00 
000.0000 
0 
N 
00 ••• 000 
0.00.0.0 
••• 00000 
.00.00.0 
.00.00.0 
.00.0.00 
00.000.0 
00.00000 
8 
J, 
0••••• 00 
.0.0.0.0 
00000000 
.00.00.0 
.00.00.0 
.00 ••000 
00.000.0 
00.00000 
() 
••••••• 0 
.00 •• 0.0 
••• 00000 
.000.0.0 
.00.00.0 
.00.0000 
000.00.0 
000.0000 
00000000 
000000.0 
00000000 
0.000 
•• [1 •••••••0 •••••••0 ••••••• 0 
00 ••••• 0 


0•••• 0.0 
000000.0 
00000000 
00000000 
0••••••0 0•••• 0.0 000000.0 
00•••••• 
8 


N 
.0.000.0 
0000.0.0 
00000000 
000000.0 
.00.0000 
.0000.00 
000 •••• 0 
00.00.00 
J, 
.0.000.0 
••••• 0.0 
••••• 0.0 
••••••• 0 
.00.0000 
.000.0.'0 
00.0.0.0 
00.00.00 
0 
() 
0•••• 0.0 
0.00.0.0 
00000000 
0.0000.0 
.00.0000 
.00000.0 
00.0.0.0 
00.00.00 
000000.0 
000000.0 
00000000 
00000000 
O •••••• 
n 
0••••• 00 
00000.00 
000 •• 000 


0.0000.0 
0••• 00.0 
00000000 
0••••• 00 
0••• 00.0 
0•• 00000 
00000000 
000 •• 000 
8 
N 
.00000.0 
•• 00.0.0 
00000000 
.0.000.0 
.0.0.0.0 
.00.0000 
00.00000 
00.00.00 
8 


J, 
.00.00.0 
.0.0.0.0 
00000000 
.00.00.0 
.0 ••• 0.0 
.00.0000 
0.000000 
00.00.00 
() 
0•••••• 0 .00 •• 0.0 
00000000 
.000.0.0 
.00000.0 
_00.0000 
.0000000 
00.00.00 
000.00.0 
0••• 00.0 
00000000 
o••••• 
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0••••• 00 
•••••••0 
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00 •••••• 
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0 
0 
- 
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STAN~D 
MICROSYSTEMS 
CORPORAT1ON, 
_ 
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Circuit 
diagrams 
utilizing 
SMC products are included as a means of illustrating 
typical semiconductor 
applica- 


~ions: c~nsequentJy 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 


information 
has been carefully 
checked 
and. is believed to be entirely 
reliable. However, no responsibility 
is 


assumed for inaccuracies. 
Furthermore, 
such Information 
does not convey to the purchaser of the semiconductor 


devices .des~ribed any Ii.cense unde,: the patent rights of SMC or others. SMC reserves the right to make changes 
at any time In order to Improve deSIgn and supply the best product 
possible. 


CRT9041A 
CRT9041B 
CRT9041C 


CRT Video Attributes Controller 
VAC 


FEATURES 
o On chip 12 bit shift register 


3 speed versions: 
CRT 9041 A -33M Hz 
CRT 9041 B -30M Hz 
CRT 9041 C -28.5MHz 
o On chip attributes 
logic 
Reverse video 
Character 
blank 


Character 
blink to blank 


Character 
blink between any two of 


four video intensity 
levels 
Two independent 
underline 
attributes 
Four video intensity 
levels 
Two general purpose attributes 


o Wide graphics 
mode 
o Thin graphics 
mode 
o Reverse screen input 
o On chip logic for double height/double 
width data rows 
o Accepts scan line information 
in parallel or serial format 


o Supports 
multiple cursors 
o Four cursor modes dynamically 
selectable 


via 2 input pins 
Underline 
Blinking underline 
Reverse video block 
Blinking reverse video block 


o Mask programmable 
cursor blink rate and duty cycle 


CURS 
RETBL 
rnlSH 


VDC 
VIDEO 


DST 
D11 
D10 


D9 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 


DO 


SL3/BKC 


GND 


1 
40 
2 
39 
3 
38 
4 
37 
5 
36 
6 
35 
7 
34 
8 
33 
9 
32 


10 
31 


11 
30 


12 
29 
13 
28 


14 
27 


15 
26 
16 
25 
17 
24 


18 
23 
19 
22 


20 
21 


Vcc 
GP20 
GP10 
HINTO 
BOLDO 
ATIEN 
CHABL 
UL2 GP21 
XCURS GP11 
HINTI 
BOLDI 
BLINK 
RS 
REVID 
MS1 
MS0 
I7SYNC 
SLO/SLD 
SL1/SLG 
SL2/BLC I 


The SMC CRT 9041 Video Attributes 
Controller 
(VAC) is 


an n-channel 
COPLAMOS® 
MOS/LSI 
device 
containing 


graphics 
logic, attributes 
logic, data and attribute 
latches, 
cursor control, 
and a high speed video shift register. The 


CRT 9041, a character 
generator 
ROM, and a CRT con- 


troller such as the CRT 9007 provide all of the major circui- 
try for the display portion of a CRT video terminal. 


The CRT 9041 serial video output 
may be connected 


directly to a CRT monitor's 
video input. The CRT 9041 is 


available 
in three speed versions: 
28.5 MHZ (9041 C), 30 


MHZ (9041 B) and 33 MHZ (9041A). 


The CRT 9041 attributes 
include: reverse video, 2 under- 


lines, character 
blank, and character 
blink. Character 
blink 


may be to background, 
or between any 2 of 4 possible video 


intensity 
levels. Two output pins define 4 video levels: half, 
three quarters, full, and bold. When used in conjunction with 
the CRT 9007 VPAC'", 
the CRT 9041 will provide double 


height or double width data row display. 


Two cursor input pins allow simultaneous 
display of two 


cursors. 
Each of these cursors can be displayed 
in otle of 


4 display 
formats: 
underline, 
blinking 
underline, 
reverse 


video character 
block, and blinking reverse video character 


385 


o Mask programmable character blink rate and duty cycle 
o On chip data and attribute 
latches 
o Externally 
multiplexible 
for higher video rates 
o Dot stretch on a character 
basis 
o + 5 volt operation 
o TTL compatible 
o MOS n-channel 
silicon gate COPLAMOS® 
process 
o Compatible 
with the CRT 5037 and CRT 9007 


block. When used in the serial scan line input mode, each 
cursor may be displayed in any of the 4 cursor display modes 
as selected via the two input pins. When used in the parallel 
scan line input mode, each cursor display mode is mask 
programmable 
and fixed at the time of manufacture. 


The cursor format or the parallel scan line information can 


be changed 
on a character 
by character 
basis to allow dif- 


ferent cursor formats on separate areas of the screen or for 
superscripted 
or subscripted 
characters. 


Two graphics 
modes are provided. 
In the wide graphics 


mode, the CRT 9041 produces 
a graphic entity the size of 


the character 
block. The graphic entity contains eight parts, 


each of which is associated 
with one bit of the input byte 


thereby 
providing 
256 unique 
graphic 
symbols. 
The thin 


graphics mode enables the user to create thin line drawings 
and forms. 
In both graphics 
modes, continuous 
horizontal 


and vertical lines may be drawn. Additional 
flexibility is pro- 


vided through the mask programming 
of the placement 
and 


dimensions 
of the blocks or lines within a character 
block. 


In the thin graphics 
mode, mask programming 
allows ser- 
rated horizontal 
lines. 


Attributes 
and 
graphics 
logic 


SLO/SLD 


SL1/SLG 


-SL2/BLC 
SL3/BKC 


VSYNC 


Serial scan- 


lineshitt 
register 


DST 


CURS 


RETBL 


ATTEN 


MSS 


MS1 
REVID 
CHABL 


BLINK 
HINT! 
BaLDI 


RS 


XCURS/GP', 


UL2IGP21 


HINTO 
BOLDa 
GPlO 


GP20 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 
1 
Cursor 
CURS 
When this input is high and RETBL is low,the programmed cursor format 
will be displayed. When this input is high, and RETBL is high, the CRT 
9041 enters the double width mode. See section entitled "Cursor 
Formats" for details. 


2 
Retrace 
RETBL 
When this input is high, the parallel inputs to the video shift register are 


Blank 
unconditionally cleared to all zeros and loaded on the next LD/SH pulse. 
This forces the Video output to a low voltage level, independent of all 
attributes for blanking the CRT during horizontal and vertical retrace time. 


3 
Load/Shift 
LD/SH 
The 12 bit video shift register parallel-in load or serial-out shift operation 
is established by the state of this input. When high, this input enables 
the shift register for serial shifting with each video dot clock pulse (VDC 
input). When low, the video shift register is parallel loaded on the next 
video dot clock pulse and all data and attributes are moved to the next 
position in the internal pipeline. In addition, input data and attributes are 
latched on the positive transition of LD/SH. If the period of this signal is 
greater than 12 dots, video information will be supplied in the form of 
backfill dots as specified in the mask programmed options. 


4 
Video Dot 
VDC 
This input clock controls the rate at which video data is shifted out on 


Clock 
the VIDEO output. 


5 
Video 
VIDEO 
The Video output provides the serial dot stream to the CRT. Video data 
is shifted out on the rising edge of the video dot clock VDC. The timing 
of the [lJ/SH input will determine the number of backfill dots. 


6 
Dot 
DST 
This input determines if all dots in the video stream will be stretched by 


Stretch 
one dot. In normal video, all 1's are stretched and in reverse video all O's 
are stretched. This input enters the CRT 9041 along with D11-DOwith 
one LD/SH delay. Updating can occur each LD/SH to allow selected dot 
stretching on a character by character basis. A high voltage will cause 
the dot stretch and a low voltage will inhibit the dot stretch mechanism. 
See section entitled "Dot Stretch" for details. 


7-18 
Data 
D11·DO 
In the character mode, the data on these inputs are passed through the 
attributes logic into the 12 bit high speed video shift rert5 
ter.The binary 


information on D11 will be the first bit output after the 
DISH input goes 


low. In the thin or wide graphics mode only the D11 through D4 inputs 
will individually control the on/off condition of the particular portion of the 
character block or line drawing. Tables 5 and 6 illustrate the wide and 
thin graphics modes respectively and their relationships to D11-D4. 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


19 
Scan line 31 
SL3/BKC 
Information on this input is delayed 2 m/SH 
cycles before entering the 


Block Cursor 
Attribute and Graphics Logic. As a result, this input can be changed on 
a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. In the Parallel 
Scan Line Mode, this input is the most significant bit of the binary scan 
line row address. In the Serial Scan Line Mode, this input controls the 
cursor's physical dimensions. If high, the cursor will appear as a reverse 
video block (the entire character cell will be displayed in reverse video). 
If low, the cursor will appear as an underline on the scan line(s) pro- 
grammed. (See Table 4.) 


20 
Ground 
GND 
Ground 


21 
Scan line 21 
SL2/BLC 
Information on this input is delayed 2 m/SH 
cycles before entering the 


Blink Cursor 
Attributes and Graphics Logic. As a result, this input can be changed on 
a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. (See Table 4.) 


22 
Scan Line 11 
SL1/sm 
This input has two separate functions depending on the way scan line 
Scan Line Gate 
information is presented to the CRT 9041. In the Parallel Scan Line Mode 
this input is the next to the least significant bit of the binary scan line row 
address. In this mode the information presented is delayed 2 LD/SH 
cycles before entering the Attributes and Graphics Logic to allow the scan 
line information to be changed on a character basis. In the Serial Scan 
Line Mode this input will be low for 5 or 6 LD/SH pulses to allow the scan 
line information to be serially shifted into the serial scan line shift register. 
If this signal is low for 7 or more OJ/SH pulses, the CRT 9041 will assume 
the parallel input scan line row address mode. 


23 
Scan line 01 
SLO/SLD 
This input has two separate functions depending on the way scan line 


Scan Lire data 
information is presented to the CRT 9041. Refer to Table 4. In the Parallel 
Scan Line Mode this input is the least significant bit of the binary scan 
line row address. The information presented in this mode is delayed 2 
LD/SH cycles before entering the Attributes and Graphics Logic to allow 
the scan line information to be changed on a character basis. In the Serial 
Scan Mode this input will present the scan line information in serial form 
(least significant bit first) to the CRT 9041 and permits the proper scan 
line information to enter the seriai scan line shift register during the LDI 
SH pulses framed by sm. 


24 
Vertical 
\7SYf\JC 
This input is typically connected to the vertical sync output of the CRT 


Sync 
controller and is used as the clock input for the on-chip mask program- 
mable blink rate dividers. The cursor blink rate can be a multiple or sub- 
multiple of the character blink which is selectable as a mask program 
option (see Table 10.) In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan 
line mode (parallel or serial) used. See the section "Scan Line Input 
Modes". 


25 
Mode Select 0 
MSO 
These 2 inputs define the four modes of operation of the CRT 9041 as 
26 
Mode Select 1 
MS1 
follows: 


MS1 
MSO 
MODE 
0 
0 
Wide graphics mode 
1 
0 
Thin graphics mode 
0 
1 
Character mode without underline one 
1 
1 
Character mode with underline one 


See section entitled Display Modes for details. 


27 
Reverse Video 
REVID 
When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics Logic is presented directly to the video shift reg- 
ister.When this input is high and RETBL is low,the Attribute and Graphics 
Logic will invert the data before presenting it to the video shift register. 


28 
Reverse Screen 
RS 
This input defines the base background level of the screen. A low on this 
input will cause normal (non-reverse) video to appear white with a black 
background. A high on this input will cause normal (non-reverse) video to 
appear black with a white background. 


I 


-"- - _ .. .... __ ._- 


(Tables 
1, 2 and 3). The duty cycle 
for the character 
blink 
is mask 
pro- 


grammable 
at either 75/25 
(off/on) 
or 50/50. 


30 
Boldin 
BaLDI 
The BaLDI 
input along with the BOLDa 
output 
provides 
a user with a Bold 
(high intensity) 
attribute 
on a character 
by character 
basis. 
Data input on 


BaLDI 
will appear 
at BOLDa 
with the same delay 
as that from any other 


attribute 
inpulto 
the serial video output (VIDEO). 
By using an external 
mix- 


ing circuit, it is possible 
to raise the voltage 
level of the video output 
to pro- 


duce the bold attribute. 


31 
Half intensity 
in 
HINTI 
The HINTI 
input along with the HINTO 
output 
provides 
a user with a half 


intensity 
attribute 
on a character 
by character 
basis. 
Data input on HINTI 


will appear 
at HINTO 
with the same delay as that from any other attribute 


input to the serial video output 
(VIDEO). 
By using 
an external 
mixing 
cir- 


cuit, it is possible 
to lower the voltage 
level of the video output 
to produce 


the half intensity 
attribute. 


32 
Extra Cursor/ 
XCURS/ 
This input has a dual function. 
It can produce 
a second 
cursor 
with either 
General 
Purpose 
GP11 
a dynamically 
selectable 
format 
or a masked 
programmed 
format. 
If no 


Attribute 
1 In 
scan line(s) are programmed 
for the XCURS 
format 
(or if the programmed 


scan 
lines are beyond 
the range 
of the actual 
scan 
lines), 
this input will 


simply 
be pipelined 
through 
the CRT 9041 to produce 
a user controlled 


general 
purpose 
attribute. 
Data appearing 
on this input is pipelined 
to the 


GP10 
with the same delay as that from any other attribute 
input and can 


affect the video as desired. 
Whether 
XCURS 
is used or not, data appear- 
ing on this input will be pipelined 
to the GP1 a output. 


33 
Underline 
2 
UL2/ 
This input has a dual function. 
It can produce 
a second 
underline 
(UL2) at 
General 
Purpose 
GP21 
the masked 
programmed 
scan line(s). 
If no scan line(s) 
are programmed 
Attribute 
2 In 
for underline 
2, this input will simply 
be pipe lined through 
the CRT 9041 to 


produce 
a user controlled 
general 
purpose 
attribute. 
Data appearing 
on 


this input is pipelined 
to the GP20 
with the same 
delay 
as that from any 


other attribute 
input and can affect the video 
as desired. 
Whether 
UL2 is 


used or not, data 
appearing 
on this input will be pipelined 
to the GP20 


. output. 
Note that underline 
1 is selected 
via the MSO and MS1 inputs. 


34 
Character 
CHABL 
When this input is high, the parallel 
inputs to the video shift register 
are all 


Blank 
set low (or high depending 
on the state of REVID 
and RS) thus providing 


a constant 
video level for the entire length of the character 
block. Only the 


cursor 
is visible 
in a character 
blank field. 


35 
Attribute 
ATTEN 
When this input is~h, 
the internal 
attribute 
latch is updated 
althe 
positive 


Enable 
going edge of the 
ISH input with data appearing 
on the REVID, CHABL, 


MS1, MSO, BLINK, 
BaLDI, 
HINTI, UL2/GP2I, 
DST RS, and XCURS/GP11 


inputs. 
By selectively 
bringing 
this 
input 
high, 
the 
user 
will 
update 
the 


attribute 
only at specific 
character 
times; 
all subsequent 
characters 
will 


carry with them the attributes 
last updated 
thus allowing 
"field" 
or "embed- 
ded" attributes. 
When using a wide video memory 
where attribute 
bits are 


attached 
to every character, 
the internal 
attribute 
latch may be updated 
at 


each 
character 
by tying 
this 
input 
~~ 
(tgus 
allowing 
"invisible" 
attri- 


butes). 
All attributes 
are reset by the 
N 
input. 


36 
Bold out 
BOLDa 
This output 
is used in conjunction 
with the BOLD I input to provide 
a three 
Out 
character 
pipeline 
delay when creating 
a high intensity 
effect on the video 


bit stream. 
In addition, 
this output 
is activated 
independent 
of the BaLDI 


signal 
during 
certain 
character 
and cursor 
blink operations 
according 
to 


Tables 1, 2 and 3. 


37 
Half Intensity 
HINTO 
This output 
is used in conjunction 
with the HINTI 
input to provide 
a three 
Out 
character 
pipeline 
delay when creating 
a half intensity 
effect on the video 


bit stream. 
In addition, 
this output 
is activated 
independent 
of the HINTI 


signal 
during 
certain 
character 
and cursor 
blink operations 
according 
to 


Tables 
1, 2 and 3. 


38 
General 
Purpose 
GP10 
This output 
is used in conjunction 
with the XCURS/GP11 
input and pro- 


Attribute 
1 out 
vides 
a three character 
pipeline 
deiay 
to allow for general 
purpose 
attri- 


butes to be implemented. 


39 
General 
Purpose 
GP20 
This output 
is used in conjunction 
with the UL2/GP21 
input and provides 
a 
Attribute 
2 out 
three character 
pipeline 
delay to allow for general 
purpose 
attributes 
to be 


implemented. 


40 
Supply 
Voltage 
Vcc 
+ 5 volt power supply. 


Reverse 
Video 


Character 
Blank 


Half 
Intensity 


Retrace 
Blank 


ATTRIBUTES 
FUNCTIONS 


- 
The REVID input causes inverted data to be 
loaded into the video shift register. 


- 
The CHABL 
input forces the video to go to 
the current background 
level as defined 
by 
Reverse 
Video 
and Reverse 
screen. 
This 
attribute 
blanks all video with the exception 
of both cursor displays. 


- 
MS1, MSO = 1,1 or UL2 = 1: either condi- 
tion forces 
the video to the inverse of the 
background level (all 1's or all O's) for all scan 
line(s) programmed 
for underline. 
The two 
underlines 
are independent. 


- 
The HINTI input and the HINTO output allow 
a half intensity attribute to be carried through 
the pipeline 
of the CRT 9041. An external 
mixer can be used to combine 
VIDEO and 
HINTO to create a decreased 
white level in 
the video. 


- 
The RETBL input causes the VIDEO to go 
to the zero (black) 
level regardless 
of the 
state of all other inputs. 


- 
The BaLDI 
input and the BOLDa 
output 
allow a bold (high intensity) 
attribute 
to be 
carried 
through 
the pipeline 
of the CRT 
9041. 
An external 
mixer 
can be used to 
combine 
VIDEO and BOLDa 
to create an 
increased 
white level in the video. 


- 
The BLINK 
input will cause characters 
to 
blink in a number 
of mask programmable 
ways. Referring to Tables 1, 2 or 3, video can 
be made to blink between 
2 or 4 possible 
video levels with either a 50/50 on/off or a 
75/25 
on/off 
duty 
cycle. 
The tables 
also 
illustrate 
that the blink levels can be pro- 
grammed 
to be a function 
of the reverse 
video input attribute. A blinking cursor over- 
rides the character 
blink for the scan lines 
programmed 
for cursor. The CRT 9041 can 
implement 
character 
blinking in several dif- 
ferent 
mask programmable 
visual formats 
as shown in the Tables. The blink function 
illustrated 
in Table 2 implements 
CRT 9021 
compatibility 
blinking. 


The CRT 9041 may be mask programmed 
for one of three 
combinations 
of blinking 
operation. 
These 
are illustrated 
respectively 
in Tables 1, 2, and 3. Since 4 levels of video 
are possible, 
Tables 
1 and 3 define 
the video 
blinking 
between 2 video levels and Table 2 defines the video blink- 
ing to the background 
level making this table compatible 
with the CRT 9021. 


The Non-blink 
Option 
Table 1A shows the state of the 
video DATA (DATA = non inverted video, DATA = inverted 
video) 
and the value 
of the output 
attributes 
(BOLDa, 
HINTO) that can be applied to the video DATA as a function 
of the four input attributes. 
The BLINK = 0 inputs in Table 
1A result in a non-character 
blink display as compared 
to 
the video DATA shown 
in the Blink Combinations 
Option 
Table 1B. 


TABLE 
1A: NON-BLINK 
COMBINATIONS 
OPTION 
TABLE 


INPUTS 
OUTPUTS 


BLINK 
REVERSE 
BaLDI 
HINTI 
VIDEO 
BOLDa 
HINTO 
VIDEO(1) 


0 
0 
0 
0 
DATA 
0 
0 
0 
0 
0 
1 
DAl'A 
0 
1 
0 
0 
1 
0 
DATA 
1 
0 
0 
0 
1 
1 
DATA 
1 
1 
0 
1 
0 
0 
DATA 
0 
1 
0 
1 
0 
1 
DATA 
0 
1 
0 
1 
1 
0 
DATA 
0 
0 
0 
1 
1 
1 
DATA 
1 
1 


INPUTS 
CHARACTER 
OUTPUTS 


BLINK REVERSEBOLOI 
HINT! 
BLINK 


VIOEO(1) 
WITHOUT 
BOLDO 
HINTO 


CURSOR(2) 


-.A'_I 
B' -.A'_I 
B' -.A'_I 
B' 


1 
0 
0 
0 
DATA 
DATA 
0 
0 
0 
1 
1 
0 
0 
1 
DATA 
DATA 
0 
0 
1 
0 
1 
0 
1 
0 
DATA 
DATA 
1 
0 
0 
0 
1 
0 
1 
1 
DATA 
DATA 
1 
0 
1 
0 
1 
1 
0 
0 
DATA 
DATA 
0 
0 
0 
1 
1 
1 
0 
1 
DATA 
DATA 
0 
0 
0 
1 
1 
1 
1 
0 
DATA 
DATA 
0 
1 
0 
0 
1 
1 
1 
1 
DATA 
DATA 
0 
1 
0 
1 I 
The Blink Combinations 
Option Table 1B shows the state 
of the video DATA (DATA = non inverted video; DATA 
= 


inverted 
video) during a character 
blink cycle (TIME A = 


OFF, TIME B = ON). The values of the output attributes 
(BOLDa, 
HINTO) that can be applied to the video DATA are 
determined 
by the state of the four input attributes. 
The 
BLINK = 1 inputs in Table 1B result in a blinking character 
display as compared 
to the non-blinking 
video DATA shown 
in the Non-blink 
Combinations 
Option Table 1A. Since 4 
levels of video are possible, Table 1B defines video blinking 
between 
2 video levels. This is shown 
in the explanation 
Table 1C below. 
It should 
be noted that the designation 
NORMAL, 
'Iz INTENSITY, 
% INTENSITY 
and BOLD have 
been used arbitrarily. The actual video levels caused by the 
BOLDa 
and HINTO are defined by the external video mix- 
ing circuit. 


BOLDa 
HINTO 
INTENSITY 
LEVEL 
BLINK 
BETWEEN 
THESE 
2 LEVELS 
(OFF-ON) 
NON 
REVERSE 
REVERSE 
VIDEO 
VIDEO 


0 
0 
NORMAL 
(N) 
N - V2 
N - V2 


0 
1 
V2 INTENSITY 
(V2) 
1/2 
- N 
N-% 


1 
0 
BOLD 
(B) 
B-N 
N-B 
1 
1 
% INTENSITY 
(314) 
3/4 
- N 
N-% 


'The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable 
with the following 
choices: 


A = 75% OR 50% B = 25% OR 50% (A + B must equal 
100%) 


(2) The combinations 
in Table 1 allow the user to define the 
cursor and the character 
blink interaction. 
A non-blinking 
cursor 
adds one more inversion 
to either 
a non-blinking 
character 
or a blinking 
character. 
A blinking 
cursor over- 


rides a character 
blink for the scan lines programmed 
for 
cursor. A blinking cursor will introduce and then remove one 
more inversion to either a non-blinking 
character or a blink- 
ing character. 


TABLE 2A: ALTERNATE 
NON-BLINK 
COMBINATIONS 
FOR CRT 9021 COMPATIBILITY 


INPUTS 
OUTPUTS 


BLINK 
REVERSE 
BOLDI 
HINTI 
VIDEO 
BOLDO 
HINTO 


VIDEO 


0 
0 
0 
0 
DATA 
0 
0 


0 
0 
0 
1 
DATA 
0 
1 


0 
0 
1 
0 
DATA 
1 
0 


0 
0 
1 
1 
DATA 
1 
1 


0 
1 
0 
0 
nATA 
0 
0 


0 
1 
0 
1 
nATA 
0 
1 


0 
1 
~ 
0 
nATA 
1 
0 


0 
1 
1 
1 
nATA 
1 
1 


The Alternate 
Non-blink 
Combinations 
for CRT 9021 
Compatibility 
Table 2A show the state of the video DATA 


(DATA = non inverted video; DATA = inverted video) and 
the value of the output attributes 
(BOLDa, 
HINTO) that can 


be applied to the video DATA as a function of the four input 
attributes. 
The BLINK = 0 inputs in Table 2A result in a non- 
character 
blink display as compared 
to video DATA shown 


in Alternate 
Blink Combinations 
for CRT 9021 Compatibil- 
ity Table 2B. 


INPUTS 
CHARACTER 
OUTPUTS 


BLINK REVERSEBOLOI HINTI 
BLINK 


VIOEO 
WITHOUT 
BOLOO 
HINTO 
CURSOR(1) 


-A'~ 
-A'--.-JEf -A'~ 


1 
0 
0 
0 
DATA 0 
0 
0 
0 
0 


1 
0 
0 
1 
DATA 0 
0 
0 
1 
1 


1 
0 
1 
0 
DATA 0 
1 
1 
0 
0 


1 
0 
1 
1 
DATA 0 
1 
1 
1 
1 


1 
1 
0 
0 
DATA 1 
0 
0 
0 
0 


1 
1 
0 
1 
DATA 1 
0 
0 
1 
1 


1 
1 
1 
0 
DATA 1 
1 
1 
0 
0 


1 
1 
1 
1 
DATA 1 
1 
1 
1 
1 


The Alternate 
Blink Combinations 
for CRT 9021 Com- 


patability Table 2B show the state of the video DATA (DATA 
= non inverted 
video; 
DATA = inverted 
video) 
during 
a 


character 
blink cycle (TIME A = OFF, TIME B = ON). The 


values of the output attributes 
(BOLDa, 
HINTO) that can 


be applied to the video DATA are determined 
by the state 


of the four input attributes. 
The BLINK = 1 inputs in Table 


2B result in a blinking character 
display as compared to the 


non-blinking 
video DATA shown in the Alternate 
Non-Blink 


Combinations 
for CRT Compatibility 
Table 2A. In this table, 
the BOLDa 
and HINTO 
attributes 
are controlled 
by the 


BalDI 
and HINTI 
attributes 
making 
them truly general 


purpose. 


'The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable 
with the following 
choices: 


A = 75% OR 50% B = 25% OR 50% (A + B must equal 
100°t1» 


(1) The combinations 
in Table 2 allow the user to define the 


cursor and the character 
blink interaction. 
A non-blinking 


cursor 
adds one more inversion 
to either a non-blinking 


character 
or a blinking 
character. 
In both cases the char- 


acter blinks to the background 
video level. A blinking cursor 


overrides 
a character 
blink for the scan lines programmed 


for cursor. A blinking cursor will introduce and then remove 
one 
more 
inversion 
to either 
a non-blinking 
cursor 
or a 


blinking character. 


TABLE 3A: NON-BLINK 
COMBINATIONS 
FOR THE 


STANDARD 
CRT 9041 (CRT 9041-004) 


INPUTS 
OUTPUTS 


BLINK 
REVERSE 
BOLD I 
HINTI 
VIDEO 
BOLDO 
HINTO 


VIDEO 


0 
0 
0 
0 
DATA 
0 
0 


0 
0 
0 
1 
DATA 
0 
1 


0 
0 
1 
0 
DATA 
1 
0 


0 
0 
1 
1 
DATA 
1 
1 


0 
1 
0 
0 
nATA 
0 
0 
0 
1 
0 
1 
nATA 
0 
1 


0 
1 
1 
0 
nATA 
1 
0 


0 
1 
1 
1 
nATA 
1 
1 


The Non-blink Combinations 
for the Standard CRT 9041 


of Table 3A shows the state of the video data (DATA = non 
inverted video; DATA = inverted video) and the value of the 
output attributes 
(BOLDa, 
HINTO) that can be applied to 


the video 
DATA as a function 
of the four input attributes. 


The BLINK = 0 inputs in Table 3A result in a non-character 
blink display as compared to video DATA shown in the Blink 
Combinations 
for the Standard 
CRT 9041 of Table 3B. 


TABLE 3B: BLINK COMBINATIONS 
FOR THE 


STANDARD 
CRT 9041 (CRT 9041-004) 


INPUTS 
OUTPUTS 


BLINK REVERSEBOLDI HINTI NON-CURSOR(2) 
BOLOO 
HINTO 


-A'_I 
B' -A'_I 
B' -A'_I 
B' 


1 
0 
0 
0 
DATA 
DATA 
0 
0 
0 
1 
1 
0 
0 
1 
DATA 
DATA 
0 
1 
1 
1 


1 
0 
1 
0 
DATA 
DATA 
1 
0 
0 
0 


1 
0 
1 
1 
DATA 
DATA 
1 
0 
1 
0 


1 
1 
0 
0 
DATA 
DATA 
0 
0 
0 
1 


1 
1 
0 
1 
DATA 
DATA 
0 
1 
1 
1 


1 
1 
1 
0 
DATA 
DATA 
1 
0 
0 
0 


1 
1 
1 
1 
DATA 
DATA 
1 
0 
1 
0 


The Blink Combinations 
for the Standard 
CRT 9041 of 


Table 3B shows the state of the video DATA (DATA = non 
inverted video; DATA = inverted video) during a character 
blink cycle (TIME A = OFF, TIME B = ON). The values of 
the output attributes 
(BOLDa, 
HINTO) that can be applied 


to the video DATA are determined 
by the state of the four 


input attributes. 
The BLINK = 1 inputs in Table 3B result in 


the blinking 
character 
display 
as compared 
to the non- 


blinking video DATA shown in the Non-Blink 
Combinations 


for the Standard CRT 9041 Table 3A. Since 4 levels of video 
are possible, 
Table 3B defines 
video blinking 
between 
2 


video 
levels. This is shown 
by the explanation 
Table 3C 


below. It should be noted that the designation 
NORMAL, 
112 


INTENSITY, 
% INTENSITY 
and BOLD 
have been used 


arbitrarily. The actual video level caused by the BOLDa 
and 


HINTO are defined by the external video mixing circuit. 


BOLDO 
HINTO 
INTENSITY 
BLINK 
BETWEEN 
THESE 


LEVEL 
2 LEVELS 
(OFF-ON) 


NON REVERSE 
REVERSE 


VIDEO 
VIDEO 


0 
0 
NORMAL 
(N) 
N - V, 
N- 
V, 


0 
1 
V2 INTENSITY 
1h - 3,4 
% - 31. 


('12) 


1 
0 
BOLD (B) 
B-N 
B-N 


1 
1 
% INTENSITY 
%-N 
3/4 
- N 
(%) 


'The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable 
with the following 
choices: 


A = 75% OR 50% B = 25% OR 50% (A + B must equal 
100%) 


(2)The scan 
lines programmed 
for a non-blinking 
cursor 
force a non-blinking 
or blinking character to a normal video 
level and introduce 
one more level of inversion. A blinking 
cursor adds one more level of inversion to the video during 
the blink time to a non-blinking 
or blinking character. 


Four cursor formats 
are possible with the CRT 9041. If the 


parallel scan line input mode is used, one of four cursor for- 
mats may be selected 
as a mask programmed 
option for 
each corsor 
independently. 
If the serial scan line input is 


used, 
the cursor 
format 
is dynamically 
selectable 
on a 


character 
by character 
basis via input pins 21 and 19 (SL21 


BLC, SL3/BKC). 
See Table 4. The four cursor formats are 


as follows: 


Underline 
- 
The cursor will appear as an underline. The 
position and width of the cursor underline is 
mask programmed. 
An underline cursor will 
add one more level of inversion to the video 
on the programmed 
scan line(s) for under- 


line cursor. 


Blinking 
Underline 


- 
The cursor will appear as an underline 
and 
introduce 
and then remove one more level 
of inversion to the video on the programmed 
scan line(s) for cursor underline. The cursor 
blink rate and duty cycle is mask program- 
mable as outlined in Tables 1,2 or 3. 


Reverse 
Video 
Block 


- 
The cursor will appear 
as a reverse video 
block. The block cursor will add one more 
level of inversion 
to the video for all scan 
lines in the character 
cell. 


Blinking 
Reverse 
Video 


- 
The cursor will appear as a blinking reverse 
video block. The cursor will introduce 
and 
then remove one more level of inversion to 
the video for all scan lines in the character 
cell. The cursor blink rate and duty cycle is 
mask programmable 
as outlined 
in Tables 
1,2 or 3. 


In the parallel scan line mode it is possible 
to change the 


scan line count on a character by character basis. If the scan 
inputs are stable a time TS2 (figure 2) prior to the next rising 
edge of the LO/SH input the scan line count will enter the 
delay latch of the CRT 9041. In the serial scan line mode, it 
is possible 
to change 
the cursor format on a character 
by 


character 
basis with the timing identical to that described 
in 


the parallel scan line mode (TS2). This timing is shown in 
the AC timing diagram, 
Figure 2. 


Scan Line 
(PIN21) 
(PIN19) 
Cursor Function 


Input Mode 
SL2/BLC 
SL3/BKG 


1 
a 
Underline 


1 
1 
Reverse Video Block 


Serial 
a 
a 
Blinking Underline 


a 
1 
Blinking Reverse 


Video Block 


Parallel 
X 
X 
Mask programmable 


only 


Inputs MS1 and MSO select one of four display modes. All 
attributes 
except underline 
operate independent 
of the dis- 


play mode used. Figures 6a and 6b illustrate a typical CRT 
9041 configuration 
which operates 
in all display modes for 


the parallel and serial scan line modes respectively. I 


MS1,MSO = OO-Wide Graphics 
Mode. 


In this display mode, inputs 011-04 
define 


a graphic 
entity as illustrated 
in Table 5. 


Note that 
individual 
bits in 011-04 
will 


illuminate 
particular 
portions of the char- 


acter block. Table 5 shows 
all program- 


ming ranges possible 
when defining 
the 


wide graphics 
boundaries. 
Only under- 


line 2 is possible in this display mode. 


MS1,MSO = 10- Thin Graphics 
Mode. 


In this display mode inputs 011-04 
define 


a graphic 
entity as illustrated 
in Table 6. 


Note that individual 
bits in 011-04 
will 


illuminate 
particular 
horizontal 
or vertical 


line segments 
within the character 
block. 


Table 6 shows 
all programming 
ranges 


possible 
when defining the thin graphics 


boundaries. 
Only underline 
2 is possible 


in this display mode. 


MS1 ,MSO = 01-Character 
Mode without 
Underline 
1. 


In this display 
mode, 
inputs 
011-04 
go 


directly 
from the input latch to the video 


shift 
register 
via 
the 
Attributes 
and 


Graphics Logic. This mode requires either 
a bit mapped 
system RAM (1 bit in RAM 


equals 1 pixel on the CRT) or a character 
generator 
as shown in Figures 6a and 6b. 


Underline 
2 is available 
in this display 


mode. 


MS1,MSO = 11-Character 
Mode with Underline 
1. 


Same operation 
as MS1, MSO = 01 with 


the underline 
attribute 
byte appearing 
on 


the 
scan 
line(s) 
mask 
programmed. 


Underline 
2 is available 
in this display 


mode. 


0000 
RO 
0001 
R1 
0010 
R2 
0011 
R3 
0100 
R4 
0101 
RS 
0110 
R6 
0111 
R7 
1000 
R8 
1001 
R9 
1010 
R10 
1011 
R11 
1100 
R12 
1101 
R13 
1110 
R14 
1111 
R1S 


T 
H3+ 
H2+ 
fI 
wO-----·1 


011 
07 


010 
06 


09 
OS 


08 
04 


HO.H1, H2, H3, WOoW1, are mask programmable. 
The values shown are for the CRT 9041-004. 


0000 
RO 
0001 
R1 
0010 
R2 
0011 
R3 
0100 
R4 
0101 
RS 
0110 
R6 
0111 
R7 
1000 
R8 
1001 
R9 
1010 
R10 
1011 
R11 
1100 
R12 
1101 
R13 
1110 
R14 
1111 
R1S 


08 


011 
04 
010 


06 
07 


OS 


09 


- 
- 
- 


--::J 


I 
I 
---1 
------j 


I 


__ 
I 


-~ 


VERTICAL HEIGHT 


04 
RO-RS 
OS 
R6-R1S 
010 
RO-R1S' 


011 
RO-R1S' 


HORIZONTAL POSITION 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


HORIZONTAL LENGTH 


06 
C11-C7 
07 
C7-BF 
08 
C11-BF' 


09 
C11-BF' 


VERTICAL POSITION 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 


The height of 04 and OS,the length of 06 ANO 07, and the position of 
04-011 are mask programmable. The values shown are for the CRT 9041-00<1. 
'These values are fixed 


In order to display double width characters, 
video must be 
shifted out at half frequency and the video shift register must 
receive new information 
(parallel load) every other LO/SH 
inpu.!.E.ulse. In order to divide the video dot clock (VOC) and 
the LO/SH 
pulse internally 
at the proper time, the cursor 
input should be pulsed during RETBL prior to the scan line 
to be displayed 
as double width. The CURSOR 
input must 
remain low for a minimum of 1 LO/SH period from the leading 
edge of RETBL. The CURSOR 
input can stay high for the 
entire RETBL time but should not extend into active video. 
If it does, a cursor will be displayed. 
It is assumed 
that the 
CRT controller 
knows when a particular scan line should be 
double 
width 
and it should 
activate 
the CURSOR 
in the 
manner 
just 
described. 
Oouble 
height/double 
width 
characters 
can also be displayed 
if the scan line count is 
incremented 
by the CRT controller 
every other scan line. 


Figure 5 illustrates 
timing for both single and double width 
modes. 
The CRT 9007, 
which 
supports 
double 
height 
double width characters, 
will produce the cursor signal as 
required 
by the CRT 9041 with no additional 
hardware. 
It 
should be noted that the XCURSOR 
input will not affect the 
double width logic on the CRT 9041 in any way. 


Scan line information 
can be introduced 
into the CRT 9041 
in parallel format or serial. Table 7 illustrates the pin definition 
as a function 
of the scan line input mode. The CRT 9041 
will automatically 
recognize the scan line mode by observing 
the activity on pin 22. In parallel mode, this input will be active 
low for at least 1 scan line and in serial mode this input will 
remain low for about 5 or 6 LO/SH periods. 
If pin 22 goes 
active low for less than seven but more than two continuous 
LO/SH periods 
during the last scan line that has an active 
low on the VSYNC 
input, the serial mode will be locked in 
for the next frame. The parallel scan line input mode will be 
selected 
for the next frame if the following 
two conditions 
occur during the VSYNC low time. First, at least one positive 
transition 
must occur o"'!!'pin22 and second, pin 22 must be 
low for seven or more LO/SH periods. Refer to Figure 4 for 
timing details. Whenever 
the CRT 9041 detects a change 
of scan line modes (from parallel to serial or visa versa), the 
internal 
blink counter 
will be initialized 
to a known count 
value. 
This 
allows 
the 
user 
to 
achieve 
phase 
synchronization 
of the blink rates from two or more CRT 
9041 'soThis is useful if one multiplexes 
alternate dots from 


two CRT 9041 's to double the allowable video dot rate. 


Scan Line 
CRT 9041 Pins 
Input Mode 
23 
22 
21 
19 


Serial 
SLD 
SLG 
BLC 
BKC 


Parallel 
SLO 
SL1 
SL2 
SL3 


Oot stretch 
is a mechanism 
whereby' a single illuminated 
dot 
will 
never 
stand 
alone 
in the 
video 
stream. 
This 
eliminates 
the intensity variation otherwise 
found between 
single and multiple dots by raising the intensity level of single 
dots up to the level of consecutively 
displayed 
dots. To 
accomplish this, each illuminated dot (represented by a logic 
"1 ") will be extended into the next dot position. The following 
example illustrates 
the dot stretch mechanism. I 
Input bit pattern (011-00) 
Output bit pattern 
100101100100 
110111110110 


For reverse 
video, 
logic 
"0" 's are stretched 
(logic 
"1" 


represents the background 
of the reverse video character). 


The following example illustrates the mechanism 
in reverse 
video. 


Input bit pattern (011-00) 
Reverse video pattern 
Output bit pattern 


010011001000 
101100110111 
100100010011 


In all cases, the next load of the shift register will always 
load the 011 bit to the output regardless 
of the value of the 
video output prior to the load. This dot stretch mechanism 
can be enabled on a character 
by character 
basis (or scan 
line by scan linel..§.nd is controlled 
by the OST input which 
is updated each LO/SH period. The dot stretch signal enters 
the CRT 9041 with the 011-00 
inputs. In all cases, backfill 
(BF) is not affected by the dot stretch input. 


Backfill 
is a mechanism 
that allows 
a character 
width of 
greater than 12 dots and provides dot information 
(usually 
blanks) for all dots b~nd 
12. The character width is defined 
by the period of the LO/SH input. For the character 
modes, 


backfill is added to the P;iO of the character 
by two methods 
which are mask programmable. 


Method A- 
The backfill (BF) dots will be the same as 
the dot displayed 
in position C11. 
Method B- 
The backfill (BF) dots will be the same as 
the dots displayed 
in position CO. 


MAXIMUM 
GUARANTEED 
RATINGS· 
Operating 
Temperature 
in Range 
.....................................................•................... 
0° C to + 70°C 


Storage Temperature 
Range 
- 55°C to + 150°C 
Lead Temperature 
(soldering, 
10 sec.) .............................................•............................ 
+ 325°C 


Positive Voltage on any Pin, with respect to ground 
+ 8V 


Negative Voltage on any Pin, with respect to ground 
- 0.3V 


'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the device at these 
or at any other condition above those indicated in the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system power supplies. it is important that the Absolute Maximum Ratings not be exceeded or 
device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. In addition, 
voltage transients on the AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 


DC CHARACTERISTICS 
PRELIMINARY 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 
Notice: This is not a fin 
. 


INPUT VOLTAGE LEVELS 
Some parametric 
limn 
al specification 


_ 
.. 
~~ 
Subject to Change. 


Low Level V'L 
0.8 
V 
All inputs except VDC, LD/SH 
Low Level V'L 
0.65 
V 
For VDC, LD/SH input 


High Level V'H' 
2.0 
V 
All inputs except VDC, LD/SH 
High Level V'H2 
4.3 
V 
For VDC, LD/SH input 


OUTPUT 
VOLTAGE LEVELS 


Low Level VOL 
0.4 
V 
IOH= 0.4 mA 


High Level VOH 
2.4 
V 
IOH= 100fLA 


INPUT LEAKAGE 
CURRENT 
Leakagelu 
10 
fLA 
O~V'N<V co; excluding~DC, 
LD/SH 


LeakagelL2 
50 
fLA 
O~V'N~V co; for VDC, LD/SH 


INPUT CAPACITANCE 


C'N' 
10 
pf 
Excluding VDC, LD/SH 


C'N2 
35 
pf 
LD/SH 


C'N3 
35 
pf 
VDC 


POWER SUPPLY CURRENT 


Icc 
95 
mA 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


VDC 
1.0 
33.0 
MHZ 
CRT9041A 


1ItCY' VDC frequency 
1.0 
30.0 
MHZ 
CRT9041B 
1.0 
28.5 
MHZ 
CRT9041C 


tCKLVDC low 
10 
ns 


hHVDChigh 
10 
ns 


teKRVDC rise time 
10 
ns 
Measured from 10% to 90% points 


tCKFVDC fall time 
10 
ns 
Measured from 90% to 10% points 


LD/SH 


teY2 
250 
ns 
CRT9041A 
(1) 
270 
ns 
CRT9041B(1) 
300 
ns 
CRT9041C 
(1) 


tS1 
7 
ns 


tH, 
0 
ns 


INPUT SETUP AND HOLD 


tS2 
60 
ns 
CRT9041A } 
. 
- 


80 
ns 
CRT9041 B 
For Inpu~s SLG, SLD, 


110 
ns 
CRT9041C 
VSYNC 


35 
ns 
For all other inputs except VDC, 
LD/SH, SLG, SLD, VSYNC 


tH2 
10 
ns 
For inputs SLG, SLD, VSYNC 
0 
ns 
For all inputs except VDC, LD/SH, 
SLG, SLD, VSYNC 


MISCELLANEOUS 
TIMING 


tpo 
30 
ns 
CRT9041A 
33 
ns 
CRT9041B 
35 
ns 
CRT9041C 


tow 
ICY2 


(1) When mask programmed 
for CRT 9021 compatibility 
TCY2 will be slower. 
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SET PARALLEL 
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VIDEOOR 
HINTO 
BaLDO 
GP10 
GP20 


(l----r 
I 


LD/SH 


RETBL ~ 


011-00 


(NORMAL) 
CHAR N 
X 
X 


WIDTH 
I 
I 


011-00 
I 


(DOUBLE) 
CHAR N/2 X 
X 
X 


WIDTH 
I 
I 


0111-010 
(NORMAL) 
X 
X 


WIDTH 


0111-010 
(DOUBLE) 
CHAR N/2 


w 
WIDTH 


<D 
Ol 
VIDEO 


(NORMAL) 
VIDEO (N-2) 


WIDTH 


VIDEO 


(DOUBLE) 
VIDEO (N/2-1) 
VIDEON/2 
WIDTH 


ATTRIBUTE IN' 


(NORMAL) 
X 
X 
X 


WIDTH 


ATTRIBUTE OUT' 


(NORMAL) 
INT(N-2) 


WIDTH 


ATTRIBUTE IN' 


(DOUBLE) 
WIDTH 


ATTRIBUTE OUT' 
(DOUBLE) 
X 
WIDTH 


I 
~--~---- 
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I 
----------X--~ 


~------------~: 
I 
I 
I 
I 
I 
: 
, 
I 
I 
I 
I 
I 
I 


X 
CHAR a 
CHAR 3 


: 
: 
i 
I 


===========================x-~ 
-_-_-_C=H=A=R==O===~X~-===C=_H-_A-_-R=1====X 
CHAR 2 


1 
I 
: 
: 
: 
I 
I 
I 
I 


BLANKING 
: 


I 
I 


I 
I 
I 
, 
BLANKING 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
===========================~ 
L 
:: 


_____________ 
X 
X 
~l\ 
ATTlil 
X 
ATT 1 


The CRT 9041 has a variety of mask programmed 
options. Tables 8 and 9 illustrate the range of these options for the wide 
and thin graphics 
modes respectively. 
Table 10 illustrates the range of the miscellaneous 
other mask programmed 
options. 


In addition, Tables 8, 9 and 10 show the mask programmed 
options for the CRT 9041-004. 


TABLE 8: WIDE GRAPHICS 
MASK PROGRAMMING 
OPTIONS 


OPTION 
CHOICES 
CRT 9041-004 


Height of Graphic 
block* 
011 AND 07 
any scan line(s) 
RO,R1,R2 
010 AND 06 
any scan line(s) 
R3,R4 
09 AND 05 
any scan line(s) 
R5,R6 
08 AND 04 
any scan line(s) 
R7 thru R15 


Width of graphic 
any consecutive 
C11 thru C7 
block** 
dots 
011,010,09,08 
C11 thru CO 


07,06,05,04 
all remaining dots 
C6 thru CO 
not specified above 
plus SF 
I 


•Any graphic block pair can be removed by programming for zero scan 
lines. 


"Totai 
number of dots for both must be equal to the total dots per char- 
acter with no overlap. 011,010,09 
and 08 must always be to the left 


of 07-04. 


T 
H3-+ 


H2+tI 
wO-----·1 


0000 
RO 
0001 
R1 
0010 
R2 
0011 
R3 
0100 
R4 
0101 
R5 
0110 
R6 
0111 
R7 
1000 
R8 
1001 
R9 
1010 
R10 
1011 
R11 
1100 
R12 
1101 
R13 
1110 
R14 
1111 
R15 


011 
07 


010 
06 


09 
05 


08 
04 


HO, H1, H2, H3, WO, W1, are mask 
programmable. 


The values 
shown 
are for the CRT 9041-004. 


TABLE 9: THIN GRAPHICS 
MASK PROGRAMMING 
OPTIONS 


OPTION 
CHOICES 
STANDARD 
CRT 9041-004 


Backfill 
any dot{s) within the pro- 
grammed 
D7 range to the right 
of the programmed 
column(s) 
forD11. 
CO 


Horizontal 
position for 


D6 and D7 
any scan line(s) RO-R15 
R5 
D8 
any scan line(s) RO-R15 
RO 
D9 
any scan line(s) RO-R15 
R9 
Horizontal 
length for 
D6(1) 
any consecutive 
dots 
C11thru 
C7 
D7(1) 
all dots not covered by D6 with 
one dot overlapping. 
C7thru 
BF 
Blanked dots for serrated 
horizontal lines 
D6 
any dot(s), BF programmed 
none 
D7 
any dot(s), BF programmed 
none 
D8, D9 
any dot(s). BF programmed 
none 


Vertical position for: 


D4 and D5 
any dot(s) C11-CO,BF 
C7 
D10(2) 
any dot(s) C10-CO,BF 
C3 
D11 (2) 
any dot(s) C11-CO 
C11 


Vertical length for: 


D4 
any scan line(s) 
ROthru R5 
D5 
any scan lines not in D4 
R6thru 
R15 
D10 
no choice; always ROthru R15 
ROthru R15 
D11 
no choice; always ROthru R15 
ROthru R15 


(1) 06 and 07 must always overlap by 1 dot. This overlap may be blanked by specifying the proper column(s) in the serration 


program line. 07 must always be to the right of 06. 


(2) 011 must always come before 010 with no overlap: otherwise 010 is lost. 


0000 
RO 
0001 
Rl 
0010 
R2 
0011 
R3 
0100 
R4 
0101 
RS 
0110 
R6 
0111 
R7 
1000 
RB 
1001 
R9 
1010 
RIO 
1011 
Rl1 
1100 
R12 
1101 
R13 


1110 
R14 
1111 
R1S 


DB 


011 
04 
010 


06 
07 


OS 


09 


'- 
~ 
- 


VERTICALHEIGHT 
HORIZONTALPOSITION 
==::J 
04 
RO-RS 
PROGRAMMABLE 


I 
OS 
R6-RIS 
PROGRAMMABLE 


I 
010 
RO·R1S 
PROGRAMMABLE 
011 
RO-RIS' 
PROGRAMMABLE 
_--J 
--J 
HORIZONTALLENGTH 
VERTICALPOSITION 


I 
06 
Cl'-C7 
PROGRAMMABLE 
___ 
I 
07 
C7-BF 
PROGRAMMABLE 
_...J 
DB 
Cl'-BF' 
PROGRAMMABLE 
09 
Cl'-BF' 
PROGRAMMABLE 


The height of 04 and OS.the length of 06 AND 07, and the positionof 
04·011 
are mask programmable. 
The values shown are for the CRT 9041·004. 


'These values are fixed 


OPTION 
CHOICES 
"STANDARD" 
CRT 9041-004 


Backfill in character 
mode 
C11 or CO 
C11 


Character 
blink rate 
7.5 Hz to 0.5 Hz (1) (1) 
1.25Hz (1) 


(division 
of VSYNC frequency) 


Cursor 
blink rate (2) 
same as, half, or twice the charac- 
2.50 Hz (1) 
ter blink rate 


Character 
blink duty cycle 
50/50 or 75/25 
50/50 


Cursor 
blink duty cycle 
50/50 or 75/25 
50/50 


Character 
underline 
1 position 
any scan line(s) RO thru R15 
R8 


Character 
underline 
2 position 
any scan line(s) RO thru R15 
R10 


Cursor underline 
position 
any scan line(s) RO thru R15 
R9 


Extra cursor underline 
position 
any scan line(s) RO thru R15 
R11 


Cursor format 
(3) 
underline 
blinking 
reverse 
blinking 
underline 
video block 
reverse video block 
blinking 
reverse video block 


Extra cursor format 
(3) 
underline 
blinking 
blinking 
underline 
underline 
reverse video block 
blinking 
reverse video block 


Blink table 
Table 1 
Table 3 
Table 2 
Table 3 


CURSOR 
or XCURSOR 
effect on 
no effect or force to zero at cursor 
force to zero at cursor position. 
BOLDO 
and HINTO 
position 


(1) Assumes 
VSYNC 
input frequency 
of 60 HZ. 


(2) Valid only if the cursor is formatted 
to blink. 


(3) Valid for the parallel scan line mode only. 


SINGLE 
ROW 


BUFFER 


OR 


DOUBLE 
ROW 


BUFFER 


I 


Sl3-Sl0 


VSYNC 
RETBl 
CURSOR 
MSO 
MSI 


BUNK 
CHABL 
HINTI 
BOLDI 
RS 
XCURS/GPll 
UL2/GP21 
REVID 
ATTEN 


[5SH 
VDC 


FIGURE 6a: CRT 9041 SYSTEM CONFIGURATION 
IN 
PARALLEL SCAN LINE MODE 
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FIGURE 6b: CRT 9041 SYSTEM CONFIGURATION 
IN 
SERIAL SCAN LINE MODE 


STANDARD 
MICROSVSTEMS 


CORPORATION" 


35Maru.6llt..o~NYn181l 
1~16I1t33100 
TWX51O-l21 N9I 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applica- 


tions; consequently 
complete 
information 
sufficient 
for construction 
purposes is not necessarily 
gIven. The 
information 
has been carefully checked 
and is believed to be entirely 
reliable. However, 
no responsibility 
is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to Improve desiQn and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION,. 
. 
I 
CRT 9053 
CRT 9153 


EVTLC 
Enhanced Video Terminal Logic Controller 


FEATURES 
o Built-in High Frequency 
(4-18.7 MHz) Oscillator 
o Built-in Video Shift Register 
o Built-in Character 
Generator 
(128 Characters, 
7x11 Dot Font) 


OBi-Directional 
Smooth Scroll Capability 
o Visual Attributes 
Include Reverse Video, Intensity 


Control, Underline, 
and Character 
Blank and Blink 
o Separate 
HSYNC, VSYNC and VIDEO Outputs 
o Composite 
Sync (RS 170 Compatible) 
Output 
o Absolute 
(RAM address) 
Cursor Addressing 
o MASK Programmable 
Video Parameters: 
Dots Per Character 
Block (8-9) 


Raster Scans Per Data Row (11-13) 
Characters 
Per Data Row (32,48,64,80) 
Data Rows Per Page (8,10,12,16,20,24 
or 25) 


Horizontal 
Blanking 
(8-64 Characters) 
Horizontal 
Sync Front Porch (0-7 Characters) 
Horizontal 
Sync Duration (1-64 Characters) 
Horizontal 
Sync Polarity 


Two Values of Vertical Blanking 
Two Values of Vertical Sync Front Porch (0-63 Scan 
Lines) 
Two Values of Vertical Sync Duration (1-16 Scan 
Lines) 
Vertical Sync Polarity 
Internal 128 Character 
7x11 Dot Font 


Character/Cursor 
Underline 
Position 


Character/Cursor 
Blink Rate 


Scan Rowand 
Column for Thin Graphics 
Entity 


Segments 
Scan Rows and Columns 
for Wide Graphics 
Entity 


Elements 
o Software 
Enabled Non-Scrolling 
25th Data Row Avail- 
able with 25 Data Row/Page 
Display 
o Non-Interlace 
Display Format 


DA8 
1 
~ 
40 
DA7 


DA9 
2 
39 
DA6 


DA10 
3 
38 
DA5 


GND 
4 
37 
DA4 


XTAL2 
5 
36 
DA3 
XTAl1 
6 
35 
DA2 


VIDEO 
7 
34 
DA1 


INTOUT 
8 
33 
DAO 


DWR 


90 


32 
DB7 


000 
10 
31 
DB6 


DOl 
11 
30 
DB5 


002 
12 
29 
DB4 


003 
13 
28 
DB3 


004 
14 
27 
DB2 


DDS 
15 
26 
DB1 


006 
16 
25 
DBO 


007 
17 
24 
AD 


HSYNC 
18 
23 
.. 


VSYNC 
19 
22 
.. 


CSYN 
20 
21 
VCC 
I 


CRT 9053 


Pin 23 
RD 
Pin 22 
WR 


CRT9153 


Pin 23 
OS 
Pin 22 
R/W 


o Embedded 
Attribute 
or Tag Bit Attribute 
Capability 
o Separate 
Display Memory 
Bus Eliminates 
Contention 


Problems 
o Fill (Erase) Screen Capability 
o Standard 8-bit Data Bus Microprocessor 
Interface 
o Wide Graphics with Six Independently 
Addressable 


Segments 
Per Character 
Space 
o Thin Graphics with Four Independently 
Addressable 


Segments 
Per Character 
Space 
o Single + 5V Supply 
o COPLAMOS® 
n-Channel 
Silicon Gate Technology 
o TTL Compatible 


(WR) strobes for use with the 8085, 8051, Z80®, 8086, and 
similar microprocessors 
or microcomputers. 
The CRT 9153 


regulates 
the data flow with a data strobe (DS) and read/ 


write (R/W) enable signals for use with the 6500, Z8 'M, 68000 
and similar microprocessors 
or microcomputers. 


The EVTLC provides two independent 
data buses; one 


bus that interfaces 
to the processor 
and one that interfaces 


to the display 
memory. 
Data is transferred 
to the display 


memory from the processor through the EVTLC eliminating 
contention problems and the need for a separate row buffer. 


The EVTLC has an internal crystal oscillator requiring only 


an external crystal to operate. Masked constants for critical 
video timing simplify programming, 
operation 
and improve 
Two pinout configurations 
enhance 
the versatility 
of the 
reliability. A separate 
non-scrolling 
status line (enabled 
or 
EVTLC. The CRT 9053 controls data flow over the proces- 
disabled 
by the processor) 
is available 
for displaying 
sys- 
sor system data bus through separate 
read (RD) and write 
tem status. 


'zao is a registered trademark of Zilog Corporation. 
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za is a trademark of Zilog Corporation. 


The CRT 9053 EVTLC and CRT 9153 EVTLC are mask 


programmable 
4o-pin COPLAMOS® 
n-channel 
MOS/LSI 


Video Display Controller 
Chips that combine 
video timing, 
video attributes, 
alphanumeric 
and graphics 
generation, 
smooth scroll and screen buffer interface functions. 


The EVTLC 
incorporates 
many of the features 
(previ- 


ously requiring a number of external components) 
required 


in building 
a low cost yet versatile 
display 
interface. 
An 


internal 
mask programmable 
128 character 
font provides 


for a full ASCII character 
set. Wide graphics 
allow plotting 


and graphing 
capabilities 
while 
thin graphics 
and visual 


attributes 
can make the display of forms straight-forward. 


· 
CRT90S3 
CAT9R" 


r "" 
os 
RW 


PIN NO. 
SYMBOL 
I/O 
NAME 
DESCRIPTION 


3-1,40-33 
DA10-0 
0 
Display 
11 bit address 
bus to display 
memory 
Address 


4 
GND 
Ground 
Ground 
Connection 


5,6 
XTAL2,1 
I 
Crystal 
2,1 
External 
Crystal 
An external 
TTL level clock may be used to drive XTAL 1 (in 


which case XTAL2 
is left floating). 


7 
VIDEO 
0 
Video Output 
This output 
is a digital TTL waveform 
used to develop 
the 


VIDEO 
and composite 
VIDEO 
signals 
to the monitor. 
The 


polarity 
of this signal 
is: 
HIGH 
= BLACK 
LOW = WHITE 


8 
INTOUT 
0 
Intensity 
This pin is the intensity 
level modification 
attribute 
bit (synchro- 


Output 
nized with the video data output). 


9 
DWR 
0 
Display 
Write strobe to display 
memory 
Write 


17-10 
DD7-0 
I/O 
Display 
8-bit bidirectional 
data bus to display 
memory 
Data 


18 
HSYNC 
0 
Horizontal 
Horizontal 
sync signal to monitor 
Sync 


19 
VSYNC 
0 
Vertical 
Vertical 
sync signal to monitor 
Sync 


20 
CSYNC 
0 
Composite 
This output 
is used to generate 
an RS170 
compatible 
compos- 


Sync 
ite VIDEO 
signal for output 
to a composite 
VIDEO 
monitor. 


21 
V" 
Power 
5.0 V power connection 


CRT 9053 


22 
WR 
I 
Write Strobe 
Causes 
data on the microprocessor 
data bus to be strobed 
into 


the EVTLC 


23 
RD 
I 
Read Strobe 
Causes 
data from the EVTLC 
to be strobed 
onto the microproc- 


essor data bus 


CRT9153 


22 
R/W 
I 
Read/Write 
Determines 
whether 
the processor 
is reading 
data from or writ- 


Select 
ing data into the EVTLC 
(high for read,low 
for write) 


23 
DS 
I 
Data Strobe 
Causes 
data to be strobed 
into or out of the EVTLC 
from the 


microprocessor 
data bus depending 
on the state of the R/W 


signal 


24 
A/D 
I 
Register 
The state of this input pin will determine 
whether 
the data is 


Select 
being read from, or written 
to, the address 
or status 
register, 
or 


a data register. 


32-25 
DB7-0 
I/O 
Processor 
8-bit bi-directional 
processor 
data bus 


Data Bus 


DESCRIPTION OF OPERATION 


THE EVTLC INTERNAL 
REGISTERS 
bit is set to a logic zero by reading from, or writing to, the 
CRT 9053 
CHARACTER 
register. The processor 
must wait until the 


Addressing 
of the internal 
EVTLC data registers 
of the 
DONE bit is 1 before attempting 
to change the CURSOR 
CRT 9053 is accomplished 
thr~h 
the use of the AID select 
ADDRESS, 
in order to write a character 
to, or read a char- 


input qualified 
by the RD and WR strobes. 
acter from, the CHARACTER 
register. 


A/D 
R15 WR 
REGISTER 
OPERATION 
STATUS REGISTER 


o 
1 
0 
WRITE TO DATA REGISTER 
DB7 
DB6 
DB5 DB4 
DB3 DB2 DB1 
DBO 
o 
0 
1 
READ DATA REGISTER 
DONE 
X 
X 
X 
X 
X 
X 
X 


1 
1 
0 
WRITE TO ADDRESS 
REGISTER 
DONE = 1 signifies that external processor 
is allowed to 
1 
0 
1 
READ STATUS REGISTER 
access CURSOR 
ADDRESS 
and/or 


CHARACTER 
registers. 


DON E = 0 signifies that external processor 
must wait 
until EVTLC completes 
transfer of data 


between display memory and CHARACTER 
register. 


CRT9153 


Addressing 
of the internal 
EVTLC data registers 
of the 
~RT 9153 is accomplished 
thr0!:1l!l use of the AID and R/ 


W select inputs qualified 
by the OS strobe. 


AID 
OS 
R/IN 
REGISTER 
OPERATION 
o 
0 
0 
WRITE 
TO DATA REGISTER 


o 
0 
1 
READ DATA REGISTER 


1 
0 
0 
WRITE 
TO ADDRESS 
REGISTER 


1 
0 
1 
READ STATUS REGISTER 


The contents 
of the eight processor 
programmable 
reg- 
isters located in the upper left hand side of the Functional 
Block Diagram 
of figure 
1 indicate 
the memory 
locations 
from which screen data is to be fetched 
and displayed 
as 


well as the selected 
modes of display operation. These reg- 


isters are addressed 
indirectly via the Address 
Register. 


To access 
one of the eight eight-bit 
registers, 
the pro- 


cessor must first load the Address 
Register with the three- 
bit address of the selected 
data register. The next read or 


write to a data register 
will then cause the data register 


polDted to by the Address Register to be accessed. The Line 
AID controls 
whether 
writing 
is occurring 
to the Address 


Register orJo a data register. When a read operation 
is per- 
formed, AID controls 
access to either the Status Register 


or to the data register selected 
by the Address Register. 


REGISTER DESCRIPTION 


ADDRESS 
REGISTER 


Writing a byte to the ADDRESS 
register will select the 
specified 
register for the next time the processor 
writes to 
or reads 
the 
EVTLC 
data 
registers. 
The data 
register 


addresses 
are as follows: 


ADDRESS 
TYPE 
REGISTER 


DB? DB6 DBS DB4 DB3 DB2 DB1 DBO 


X 
X 
X 
X 
0 
1 
1 
0 
Write 
CHIP RESET 


X 
X 
X 
X 
1 
0 
0 
0 
Write 
TOSADD 


X 
X 
X 
X 
1 
0 
0 
1 
Write 
CURLO 


X 
X 
X 
X 
1 
0 
1 
0 
Write 
CURHI 


X 
X 
X 
X 
1 
0 
1 
1 
Write 
FILADD 


X 
X 
X 
X 
1 
1 
0 
0 
Write 
ATTDAT 


X 
X 
X 
X 
1 
1 
0 
1 
RDWR 
CHARACTER 


X 
X 
X 
X 
1 
1 
1 
0 
Write 
MODE1 REGISTER 


X 
X 
X 
X 
1 
1 
1 
1 
Write 
MODE2 REGISTER 


STATUS REGISTER 


When reading the STATUS register, the DONE bit (DB7 


of STATUS Register) will represent the current status of the 
CHARACTER 
register. This bit is used to synchronize 
data 


transfers 
between 
the processor 
and the EVTLC. 
The 
EVTLC will set the DONE bit to a logic one after completing 
a byte transfer 
command 
or a FILL operation. 
The DONE 
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DATA REGISTERS 


FILADD 
(Fill Address) 
This register 
contains 
the RAM 


address 
of the 
character 
following 
the 
last 


address to be filled. Writing to this register will 
enable the EVTLC "fill" circuitry. The FILL oper- 
ation will then be triggered by the next processor 
write 
to the CHARACTER 
register. 
The 
FILL 


operation 
will write the character 
in the CHAR- 


ACTER 
register 
to every 
location 
in display 


memory starting with the address specified in the 
CURLO and CURHI registers through the loca- 
tion 
preceding 
the address 
specified 
in the 


FILADD 
register. 
The cursor 
position 
is not 


changed 
after a FILL operation. 
Note that the 
address bits DA3-DAO are internally forced to 0 
forcing the FILADD address to be 00, 16,.32, etc. 
to 1920. The CURLO and CURHI 
registers will 


not be changed 
by this operation. 
Writing to the 


CHARACTER 
register will cause the EVTLC to 


reset DB7 of the STATUS register to "0". Bit 7 
will be set to 1 after the EVTLC has filled the last 
memory location specified. 


FILADD 
REGISTER 


DB7 
DB6 
DB5 
DB4 DB3 DB2 
DB1 DBO 


X 
DA10 
DA9 DA8 DA7 
DA6 DA5 
DA4 


I 


(Top of Screen Address) 
This register contains 


the RAM address of the first character displayed 
at the top of the video monitor screen. 
In addi- 


tion, this register controls 
selection 
of either of 


two mask programmable 
vertical scan rates. 


TOSADD 
REGISTER 


DB7 
DB6 
DB5 DB4 
DB3 DB2 DB1 DBO 


TIM 
DA10 
DA9 
DA8 DA7 DA6 DA5 OM 


Note that address 
bits DA3-DAO 
are internally 


forced to 0 forcing the first address at the begin- 
ning of each row to be 00, 16,32, etc. to 1920. 


The most significant 
bit of this register (TIM) 


is used to select 
between 
the two mask pro- 


grammed 
sets of vertical 
retrace 
parameters 
(scan 
A and scan 
B). This 
allows 
software 


selection 
of, for example, 50/60 HZ. 


TIM = 0 enable raster scan A (60 Hz) 
TIM = 1 enable raster scan B (50 Hz) 


CURLO 
REGISTER 


DB7 
DB6 
DB5 DB4 DB3 DB2 DB1 DBO 


DA7 
DA6 
DA5 OM DA3 DA2 DA 1 DAO 


(Cursor 
High) This register 
contains 
the three 
higher address bits of the RAM cursor address 
(DA10, 
DA9, DA8). All FILL screen 
and char- 
acter transfer 
operations 
begin at the memory 


location 
pointed to by this address. 
In addition, 
this register contains 
the Smooth 
Scroll Offset 


Values SS3-SS0 
which determine 
the number 
of scan 
lines 
that 
the data 
is shifted 
on the 


screen. The MSB of this register (SLE-status line 
enable) is the enable for the non-scrolling 
status 


line. 


CURHI 
REGISTER 


DB7 DB6 DB5 DB4 DB3 
DB2 
DB1 DBO 


SLE 
SS3 
SS2 
SS1 
SSO DA10 
DA9 DA8 


SLE 
= 1 enables 
non-scrolling 
25th 


sta1us line 
SLE 
= J5 disables 
and 
blanks 
non- 
scrolling status line 


(Screen Attribute Data) Two attribute modes are 
provided. In the "tag bit" attribute mode, the MSB 
of each character 
is used to "tag" those char- 


acters which are to be enhanced 
with the attrib- 


ute specified by the ATTDAT register. This allows 
individual characters to be attributed, but with the 
limitation 
that only one attribute 
style may be 


enabled for a specific screen. This is compatible 
with the CRT9028/9128, 
and is specified as the 


9x28 operation 
mode. In the "embedded 
attrib- 


ute" mode, multiple attributes 
may be displayed 


on one screen. 
This is specified 
as the 9x53 


operation 
mode. 
See "MODE 
2" register 
for 


selection 
of 9x28 and 9x53 modes. 


The ATTDAT register specifies 
the visual attri- 
butes of the video data, in 9x28 operation mode, 
and the cursor 
presentation. 
The visual 
attri- 
butes specified 
in the ATTDAT 
register 
(DB3- 
DBO) are enabled or disabled 
by a TAG bit that 


is appended to the ASCII character written to the 
CHARACTER 
register. Every character 
on the 


screen with its TAG bit set is displayed 
with the 


same attribute. 
Changing 
the Attribute 
register 


will change the attribute of every "tagged" 
char- 
acter on the screen. Character 
attributes 
in the 


9x53 mode are determined 
by specific attribute 


characters 
embedded 
in the character 
data 


stream as explained 
below in the section titled 


CHARACTER 
SETS. 
The 
functions 
of the 


remaining 
bits in the ATTDAT 
register 
are not 
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ATTDAT REGISTER 


DB7 DB6 DB5 DB4 DB3 DB2 
DB1 DBO 


DB7(1) 
MODE 
SELECT 
DB7 
= 1 
enables graphics 
mode display (No 
attributes 
allowed) 


DB7 
= 0 
enables alpha 
mode displa.,. 
Note: See CHAR- 
ACTER SETS for 
definition 
of char- 


acters available in 
each mode. 


DB6 
CURSOR 
DB6 
= 1 
inhibits VIDEO dis- 


SUPPRESS 
play at cursor time 
by forcing the 
VIDEO output to 
background 
level 


during cursor dis- 
playtime 
DB6 
= 0 
enables VIDEO 
display at cursor 
time 
Note: A blinking 
cursor display can 
be achieved by 
toggling this bit 
under processor 
control. 


DB5 
CURSOR 
DB5 
= 1 
enables underline 


DISPLAY 
cursor display 


DB5 
= 0 
enables block cur- 
sor display 
Note: An underline 
cursor in an under- 
line character 
attribute field will 
be dashed. 


DB4 
SCREEN 
DB4 
= 1 for white screen 
and black 
characters 
DB4 
= 0 
for black screen 
and white 
characters 
Note: This is a 
screen attribute 
'(versus character 
attribute) 
bit and 


sets the default 
video background 
level. 


DB3(1) 
CHARACTER 
DB3 = 1 


S' 
SUPPRESS 
zo 
lJ.Joo~ 
<Xl 
~~I- 
as 
<!J 
~ 
ino 
lJ.J 
....J 
co 
ffso 
a:oo 
lJ.J 
....J 
co 
<t:Z 
lJ.J 


to enable Video 
suppress 
to inhibit Video 
suppress 
Note: This bit allows 
character 
blinking 
and blanking 
under 
processor 
control 


allows the INTOUT 
output pin to go 
high for the char- 
actertime 
inhibits the 
INTOUT output pin 
from going high 


will cause the char- 
acterto 
be 
underlined 
will inhibit the 
underline 


DBO(1) REVERSE 
VIDEO 
will cause the 
standard fore- 
ground and back- 
ground Video 
levels (selected 
with BIT 4) to be 
reversed for the 
character 
time 
will inhibit reverse 
video 


(1)These bits not recognized 
in 9x53 mode and represent 


don't care states. 


The AUTO 
INCREMENT 
bit in this register 


specifies 
whether or not the display memory 


character 
address 
is automatically 
incre- 
mented by the EVTLC after every readlwrite 
of the CHARACTER 
register. Note: The visi- 
ble cursor position is not affected. 


MODE 
1 REGISTER 


DB? 
DB6 DB5 DB4 
DB3 DB2 DB1 DBO 


AUTO 
X 
X 
X 
X 
X 
X 
X 


INC 


DB? AUTO 
DB? 
= 
1 to 
enable 
INCREMENT 
automatic 
character 
address 
The 
RAM 
address 
is 
incremented 
after 
the 
EVTLC 
completes 
a 
display memory access 
initiated by a processor 
to 
RAM 
or 
RAM 
to 
processor 
character 
transfer. 


DB? 
= 
0 to 
disable 
automatic 
increment. 


This register contains 
two bits which control 


operational 
modes 
of the device. 
DBO con- 


trols whether 
the device operates 
as a 9x53 


or emulates 
the 9x28. In the 9x28 mode the 


device is fully compatible 
with the CRT 90281 


9128 with the exception of the higher density 
character 
set. DB1 enables 
the cursor blink 


function 
where the blink rate is a mask pro- 


grammable 
feature 
(see CRT 9053/9153 


coding sheet.) This function 
is automatically 


disabled 
when in 9x28 mode. 


MODE 2 REGISTER 


DB? DB6 DB5 DB4 DB3 DB2 
DB1 
DBO 


X 
X 
X 
X 
X 
X 
CUR 
9x53 


BLINK ENBL 


DB1 CURSOR 
BLINK 
DB1 = 1 
will 
enable 


blinking cursor. 
DB1 = 0 
will 
disable 


blinking cursor and state 
of cursor is controlled by 
DB6 in ATTDAT register. 


DBO = 1 
will 
enable 


operation 
as a 90531 


9153. 
DB = 0 will enable oper- 
ation as 9028/9128. I 


DBO 9x53 
ENABLE 


CHARACTER 
This register allows access to the display 
memory 
for both byte transfers 
and FILL 


operations. 
In BYTE Transfer Write Mode, 


the processor first writes a character to this 
register. The EVTLC takes that character 
and stores it in the display memory 
in the 


location 
specified 
by the 
CURLO 
and 


CURHI 
registers. 
In Byte Transfer 
Read 


Mode, 
the processor 
reads this register 


causing the EVTLC to fetch the character 
whose address is specified 
in the CURLO 


and CURHI 
registers 
from 
the display 


memory 
and place it in the CHARACTER 


register. 
The processor 
then 
reads the 


character 
and initiates another fetch from 


memory cycle. In FILL mode, writing a byte 
to this register will initiate a FILL operation. 
All EVTLC/memory 
data transfers 
take 


place during horizontal 
and vertical video 


retrace blank time. 


CHARACTER 
REGISTER 


DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 


8 BIT CHARACTER(2) 


(2)Seenext section, CHARACTER 
SETS, for definition of 8 


bit characters. 


CHARACTER 
SETS 


The character 
set consists 
of 128 characters, 
a six seg- 
ment "wide graphics" 
and a four segment 
"thin graphics" 


entity. Included in the 128 mask programmable 
characters 


can be the 96 standard 
ASCII characters 
and 32 special 


characters. 


9x28 OPERATION 
MODE (MODE 2: DBO = 0) 


A. GRAPHICS 
MODE -.(ATTDAT: 
DB? = 1) 


This 
mode 
allows 
an intermix 
of alphanumeric 
and 


graphics 
characters. 
No attributes 
are permitted 
in this 


mode. If DB? = 1, the character 
will be alphanumeric. 
If 
DB? = 0, the character will be a graphics character. DB? 
is "tag bit". 


ENTITY 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB' 
DBO 


CHARACTER 
, 
, .• 
CHARACTER 
DATA 
~I 


THIN111 
GRAPHICS 
SEG4 
SEG3 
SEG2 
$EG1 


WIDEll) 
GRAPHICS 
SEG6 
SEG5 
SEG4 
SEG3 
SEG2 
SEG' 


This mode allows display of alphanumeric 
characters with 


attributes. 
If DB? is set to a logical one, the attribute(s) 
specified 
in the ATTDAT register will be enabled for that 


character. If DB? is cleared, attributes will not be enabled 
for that character. 
DB? is "tag bit". 


ENTITY 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB' 
OM 


CHARACTER 
, 
I" 
CHARACTER 
DATA 
•. , 


(Attr enabled) 


CHARACTER 
, .• 
CHARACTER 
DATA 
"I 
(No allribule) 


This mode allows the use of embedded 
field attributes 


where the desired attribute for any given string of one or 
more consecutive 
characters 
is defined 
by an attribute 


character 
which is part of the character 
data stream and 


is located 
immediately 
in front of the characters 
to be 


attributed. A second attribute character should be located 
immediately 
following 
the string of attributed 
characters 


to restore the normal display 
mode. Since the specific 


attribute characters 
occupy character positions, they are 


actually displayed 
as spaces. 


ENTITY 
DB7 
DB6 
DB5 
DB4 
DB3 
DB2 
DB. 
DBO 


CHARACTER 
0 
I" 
CHARACTER 
DATA 
"I 


ATTRtBUTE(2) 
CHARACTER 
BLANK 
BLINK 
INT 
UNDLN 
RV 


THINll) 
GRAPHICS 
X 
SEG4 
SEG3 
SEG2 
SEG1 


WIDE(l) 
GRAPHICS 
SEG6 
SEG5 
SEG4 
SEG3 
SEG2 
SEG1 


(1) Graphics segments 
are turned on when bit is set to a "1 ". 


(2)A specific field attribute 
is enabled 
by setting the appro- 


priate bit and disabled 
by resetting the bit. Attributes 
can 


be mixed. The following 
defines the available 
attributes 


indicated 
in the ATTRIBUTE 
CHARACTER. 


DB4 (BLANK)-Suppresses 
character 
video output. 


DB3 (BLlNK)-Causes 
character 
to blink at mask pro- 


grammed 
rate. 
DB2 (INTENSITY)-Controls 
INTOUT output pin. 
DB1 (UNDERLlNE)-Causes 
character 
to be 
underlined. 
DBO (REVERSE 
VIDEO)-Reverses 
foreground/back- 


ground video levels. 


SEGMENT 
SEGMENT 


6 
3 


SEGMENT 
SEGMENT 


5 
2 


SEGMENT 
SEGMENT 


4 
1 


SEGMENT3 


SEGMENT4 
SEGMENT 
2 


SEGMENT 
1 


(3)Scan line and column of segment 


locations are mask programmable. 


The EVTLC circuitry provides two control functions. 
One 


function 
interprets 
and controls data from the system pro- 


cessor interface through the data bus DB?-DBO as shown 
in the Processor Timing of figure 3. The other function gen- 
erates and refreshes the video image on the screen through 
the DD?-DDO data bus as shown 
in the Display 
Memory 


Timing of figure 2. Because the system data bus is isolated 
from the display data bus, the EVTLC maintains 
complete 


control over access to display memory. All data flow between 
display RAM and the processor 
or the EVTLC takes place 


through the EVTLC. Refer to the EVTLC Display Memory 
Access Timing of figure ? 


Processor/display 
memory 
access 
is accomplished 
through the CHARACTER 
register of the EVTLC. All proc- 


essor transfers 
to or from the CHARACTER 
register take 


place only when the DONE bit is high. The DONE bit is used 
to synchronize 
data transfers 
between the EVTLC and the 


processor 
as shown 
in the Typical 
Processor 
To Display 


Memory 
Transfer 
of figure 6. When the processor 
needs 


to store a byte of data in the display memory, it will write the 
byte to the CHARACTER 
register of the EVTLC. The EVTLC 


will immediately 
reset the DONE 
bit indicating 
that the 


transfer hardware 
is busy. At the next blanked Video time, 


the EVTLC will store the byte in the display memory, incre- 
ment the character 
address, 
(if auto increment 
is enabled) 


and set the DON E bit. When the processor 
needs to read a 


byte of data from the display memory, it will read the CHAR- 
ACTER register. The EVTLC will fetch the desired byte from 
the display memory 
during the next blanked VIDEO time, 


increment 
the character 
address 
(if enabled), 
and set the 


DONE bit. When the processor 
detects that the DONE bit 


is set, it will read the CHARACTER 
register to get the data 


byte from the EVTLC. This read will reset the DONE bit and 
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cause the EVTLC to fetch the next byte of data from the 
memory. 


If auto increment 
is not enabled, the processor 
must set 


the cursor address in the CURLO and CURHI register to the 
address of the memory location being read from, or written 
into, before every access to the CHARACTER 
register. 


It should be noted that Auto Increment does not affectthe 


visible 
cursor 
location. 
If auto-increment 
is enabled, 
the 


current character 
location will equal the cursor position only 


for the first character 
transfered 
following 
an update of the 


CURLO and CURHI registers. Note that the DONE bit must 
be high before attempting 
to update the cursor 
registers 


because 
the loading 
of the cursor 
registers 
will reset the 


character 
position counters to the cursor position. 


SMOOTH 
SCROLL 


The EVTLC may be programmed 
to do either "jump" 
or 


"smooth" 
scrolling. 
Jump scrolling 
moves the data up or 


down the monitor screen one data row at a time. Smooth 
scrolling 
moves the data up the monitor screen one scan 


line at a time. The number of scan lines and the rate they 
move up the screen is under processor 
control. 


Smooth 
scroll is controlled 
through 
manipulation 
of the 


SS3-SS0 
bits of the CURHI register. These bits represent 


the binary address of the first scan line of the first data row 
displayed 
on the monitor 
screen 
(the data 
row whose 


beginning 
address 
is in the TOSADD 
register). 
When the 


value represented 
by these bits is incremented, 
the video 


data on the monitor screen moves up by the same number 
of scan lines. After the address of the last scan line of the 
data row is loaded into the CURHI register and the VIDEO 
data has moved up the last scan line of the data row, the 
processor 
resets the SS3-SS0 address to point to scan line 


o and does a jump scroll. Jump scroll is accomplished 
by 


incrementing 
the RAM address in the TOSADD 
register by 


a data row length (so that it points to the address of the first 
character 
of the new top data row on the monitor). 


When programmed 
for a data row of 80 characters/data 


row display (1920 data words), for example, the display RAM 
contains 25 actual rows of data (2000 RAM locations). 
If the 


smooth scroll offset equals zero, the EVTLC will display the 
1919 RAM locations 
following 
the top of screen 
address 


when displaying 
data. The first data row is partially scrolled 


off the screen 
and the 25th data row is scrolled 
onto the 


screen when the smooth 
scroll offset is incremented. 
The 


EVTLC will now display the 1999 RAM locations 
following 


the top of screen address (wrapping to 0 after address 1999). 
After the EVTLC does a jump scroll, the processor 
will pro- 


gram it to erase the line just scrolled off the screen (prepar- 
ing itto be scrolled onto the screen). This line now becomes 
the non-displayed 
25th data row. 


NON-SCROLLING 
STATUS LINE 


The non-scrolling status line is only functional on a EVTLC 


that has been programmed 
for 25 data rows. This data row 


will remain stationary 
at the bottom of the screen and will 


not move up the screen when the remainder 
of the display 


data is scrolled. 
Otherwise, 
VIDEO data on the status line 


may be manipulated 
as though it were normal display data. 


The smooth scroll offset will not function properly when the 
status line is enabled. 
The memory 
address of the charac- I 
ters on the status line are always characters 1920-1999. 
NOTE: If the part is programmed 
for 25 data rows an addi- 
_ 
tional mask option must be specified which makes the 25th 
data row either 
fixed (always 
displayed) 
or a status 
row 
(enabled/disabled 
by the SLE bit). 


CHIP RESET 


The CRT 9053 and CRT 9153 Chip Reset requires two 


steps. The system processor 
first writes the reset address 


to the address 
register of the EVTLC. The system proces- 


sor then writes a dummy character 
to the EVTLC Data reg- 


ister. Writing to the Data register 
resets the chip. See the 


DONE timing 
in figure 6. This reset process 
causes 
the 


MODE 2 register to be set to the "00" state which disables 
the blinking cursor and enables the 9x28 operation 
mode. 


ROM CHARACTER 
BLOCK 
FORMAT 


C8 
C7 
C6 
CS 
C4 
C3 
C2 
C1 
CO 
COLUMN DOT 
-> 


SCAN LINE 0 
-> 


SCAN LINE 1 
-> 


SCAN LINE 2 
-> 


SCAN LINE 3 
-> 


SCAN LINE 4 
-> 


SCAN LINES 
-> 


SCAN LINE 6 
-> 


SCAN LINE 7 
-> 


SCAN LINE 8 
-> 


SCAN LINE 9 
-> 


SCAN LINE 10 
-> 


SCAN LINE 11 
-> 


SCAN LINE 12 
-> 


MASK PROGRAMMABLE 


CHARACTER BLOCK 


(FONT) 
7X 
11 


Mask programmable 
options-The 
ROM character 
block format above shows the 7Xl1 
mask 
programmable 
character 
font within the character 
ceU as defined by dots C8 through CO and 


scan lines 0 through 12. 


Column dot CO will be the same as column dot C8 when more 
than 8 dots/character 
cell are specified when generating 
alpha-numerics. 


NOTE: 
The maximum 
dot clock crystal frequency is dependent 
on the 
dots/character 
programmed: 


Scan lines per Character: 


11 scan lines/character 
~ > SLO-SL 10 displayed 
12 scan lines/character 
~ > SLO-SL 11 displayed 


13 scan lines/character 
~ > SLO-SL 12 displayed 


Thin and Wide Graphics: 
Dots mask programmed 
for vertical column C1 
will be the same as backfill Columns 0 when 
generating 
wide and thin graphics. 


MAXIMUM 
GUARANTEED 
RATINGS· 
Operating 
Temperature 
Range, 
, , , , , , , , , , , , ' , ... ' , , , , , , , , , , , , , , , , , , , , , , , , , , ., , , , , ., , . , , . , ' . ' , , ' , ' , , , ,O°C to + 70°C 


Storage Temperature 
Range 
""""""""""""""'.'""."",."",.".,' 
.. ,.,'.".'"'.',,,, 
- 55°C to + 150°C 


Lead Temperature 
(soldering, 
10 sec,) """"""",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,. 
+ 325°C 
Positive Voltage on any Pin, with respect to ground 
"",." 
.. ,.', .. ,." 
.. ,.',."."., 
.. ,.,'.".'"" 
+ 8,OV 


Negative Voltage on any Pin, with respect to ground 
"""""."""".".".""",."".,.""". 
- 0,3V 


'Stresses 
above those listed may cause permanent 
damage to the device, This is a stress rating only and functional 
operation 
of the device 
at these or at any other condition 
above those indicated 
in the operational 
sections 
of this 
specification 
is not implied. 


NOTE: When powering this device from laboratory 
or system power supplies, 
it is important 
that the Absolute 
Maxi- 
mum Ratings not be exceeded 
or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 


on their outputs when the AC power is switched 
on and off, In addition, 
voltage transients 
on the AC power line may 
appear on the DC output. If this possibility 
exists, it is suggested 
that a clamp circuit be used, 


ELECTRICAL 
CHARACTERISTICS 
(TA =O°C to 70°C, Vcc = + 5V ± 5%, unless otherwise 
noted,) 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


DC CHARACTERISTICS 


INPUT VOLTAGE LEVELS 


Low-level, 
Vii 
0,8 
V 
High-Level, 
Vih 
2,2 
V 


OUTPUT 
VOLTAGE LEVELS 
04 
V 
All outputs except 
Low-level, 
Vol 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 
101 = 1,6 mA 
Low-level, 
Vol 
04 
V 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 
101 = 04 
mA 


High-level, 
Voh 
24 
V 
All outputs except 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 
loh = 
-40~a 


High-level, 
Voh 
24 
V 
VIDEO, CSYNC, 
INTOUT, HSYNC, 
VSYNC; 
loh = 
-20~A 


INPUT LEAKAGE 
CURRENT 


High-level, 
IIh 
10 
f.LA 
All inputs; Vin = Vcc 


Low-level, 
III 
-10 
f.LA 
All inputs 
except WR, RD, 
DS, R/W; 
Vin = 04V 


Low-level, 
III 
-200 
f.LA 
WR,RD, 
DS, R/W; 
Vin=04V 
INPUT CAPACITANCE 


All inputs, Cin 
15 
pF 


OUTPUT 
LOAD 


CL 
15 
pF 
Except D87-0 
CL 
100 
pF 
D87-0 


POWER 
SUPPLY CURRENT 


Icc 
125 
mA 


AC CHARACTERISTICS 


CLOCK 
FREQUENCY, 
fin 
1,0 
18,7 
MHz 


DISPLAY 
MEMORY 
TIMING 


Address Set-up Time 
tAS 
20 
ns 


Write Strobe Set-up Time 


tWST 
1<0.0 
ns 


Data Set-up Time 


tST 
80 
ns 


Data Hold Time 
tOH 
10 
I 
50 
ns 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


Address 
Hold Time 


tAHT 
50 
ns 


Output Hold From Address Change 
tOH 
15 
ns 
Address Access Time 
tAA 
250 
ns 


PROCESSOR 
TIMING 


Address 
Read/Write 
Set-up 
tARwS 
160 
ns 


Write Pulse Width 


twpw 
160 
ns 
Write Hold Time 
tWHT 
15 
ns 
Read Set-up Time 
tRST 
200 
ns 


Read Data Valid 


T RDV 
0 
ns 


Read Pulse Width 


tRPW 
250 
ns 


Data Write Falling Set-up 


tDWFS 
120 
ns 


Data Write Rising Set-up 


tDWRS 
160 
ns 


Crystal specification 
(Applies for 4-18.7 MHz): 
Series Resonant 
50 ohms max series resistance 
1.5 pf typ parallel capacitance 
Operation 
below 4 MHz requires external crystal oscillator 
• 


READ DATA 
FAOMAAM 


EVTLC 
INPUT 
FROM 
RAM 


NOTE 
DISPLAY 
ADDRESS 
BUS 
DA 1O·DAO MUST 
NOT CHANGE 
WHILE 
DWR 
IS LOW 


FIGURE 2. DISPLAY MEMORY TIMING 


PROCESSOR 
WRITES 
TO EVTLC 


(1) If set-up time is not met, screen 
may glitch when cursor or attribute 


registers 
are changed 
during active video time. 
(2) Minimum 
set-up time to ensure 
valid data into EVTLC 
internal registers. 


DATA VALID 


PROCESSOR 
READS 
EVTLC 


I 
I-'~~~'~I 
I 


VSYNC -+i 
_ 
I 
I 


DELAY 
: 
(----\ 
: 


I 
I 
I 
I 


I 
I 


V8LANKING 
/~-------~\ 
// 
~ 


~ 
NUMBER 
OF BLANKED 
~ 
7;--------1 


I 
SCAN LINES 
I+-- 
NUMBEROF ~ 
DISPLAYED 
DATA ROW$ 


I 
1+-----+1 


HSYNC 
_ 
I+- 
I 


DELAY 
I 
I 
I 


HSYNC 
' __ 
~ 
~/~/ 
I 


I 
I 
I 
II 


I 
I 


HBlANKING 
~/----------\·~ 
___;// 
~ 


i4-- 
NUMBEROF --.! 
Ir--I 


cJ}t~ifRS 
..- 
~Y~~~~~6 
-+i 


CHARACTERS 


HSYNC --.Jl 
n 
n 
n 
n 
n 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
V$YNC 
I 
I 


I 
I 
I 
I 
~. 
H---j 
I 
I 
I 
I 


CSYNC 
I--H2--l 
I 
I 
I 


~----tdl-- 
Il 
_ 
___ n 
_ 


--idt-- 
--~U~-- 


\0070 XXXXXXXXX 


PROCESSOR 
BUS 
~ 


xxxxxxxxxxxxxxxx 


"DONE 
(oB7 OF STATUS 
REGISTER) 


1007.0 


DISPLAY 
BUS 


~WR 


DONE 
DONE 


---------H----------- 
DWR JIJ 
PROCESSOR WRITES/READS TO /FROM 


CHARACTER REGISTER 
EVTLC WRITES/READS 


TO/FROM DISPLAY MEMORY 
DONE 
(DB7 OF STATUS 
REGISTER) 


~ 
007-0 


PROCESSOR WRITES TO FILADD REGISTER 
FOLLOWED BY WRITE TO CHARACTER REGISTER 
( 
~1---1l/ 
DONE 
(DB7 OF STATUS 
REGISTER) 


• 


I. ROM CHARACTER 
BLOCK 
FORMAT: 


COLUMN DOT 
-> 


SCAN LINE 0 
-> 


SCAN LINE 1 
-> 


SCAN LINE 2 
-> 


SCAN LINE 3 
-> 


SCAN LINE 4 
-> 


SCAN LINE 5 
-> 


SCAN LINE 6 
-> 


SCAN LINE 7 
-> 


SCAN LINE 8 
-> 


SCAN LINE 9 
-> 


SCAN LINE 10 
-> 


SCAN LINE 11 
-> 


C8 C7 C6 C5 C4 C3 C2 C1 
CO 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 
CHARACTER BLOCK 
0 
7X11 CELL 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


9 
17.1072 
DOTS PER CHARACTER: 
DOT CLOCK 
XTAL FREQUENCY 
(MHz): 
II. 
HORIZONTAL 
TIMING 
(IN CHARACTER 
TIMES): 


CHARACTERS 
PER DATA ROW: 
80 
HORIZONTAL 
BLANKING: 
19 


HORIZONTAL 
SYNC DELAY: 
4 


HORIZONTAL 
SYNC PULSE WIDTH: 
8 


HORIZONTAL 
SYNC POLARITY: 
NEGATIVE 
ACTIVE 


I----HORIZ 
BLANKING--l 
ACTIVE VIDEO 
I 
I 
ACTIVE VIDEO 


VIDEO 
------ 
----I---------~I- 
-------- 


VERTICAL 
TIMING: 


CHARACTER 
ROWS: 
SCAN LINES 
PER CHARACTER: 
TOTAL VISIBLE 
SCAN LINES: 


VERTICAL 
SYNC POLARITY: 


VERTICAL 
SYNC TIMING 
(IN SCAN LINES): 


60 Hz VERTICAL 
BLANKING: 
60 Hz VERTICAL 
SYNC DELAY: 


60 Hz VERTICAL 
SYNC PULSE WIDTH: 
ALTERNATE 
(50 Hz) VERTICAL 
BLANKING: 


ALTERNATE 
(50 Hz) VERTICAL 
SYNC DELAY: 


ALTERNATE 
(50 Hz) VERTICAL 
SYNC PULSE WIDTH: 


ACTIVE VIDEO r-VERTICAL BLANKING--j 


VIDEO 
--------1 
_1_-_-_-_-_-_-__-_-_ 


I 


HORIZ SYNC DELAY -I· 
-+- 


•...1 
--- 
HORIZ SYNC--.j 
PULSE WIDTH 


25 


x 12 
300 
NEGATIVE 
ACTIVE 


1 
_ 


VERT SYNC ----l 
PULSE WIDTH 
412 


V. 
COMPOSITE 
SYNC OUTPUT 
(IN CHARACTER 
TIMES) 


COMPOSITE 
SYNC DELAY: 


COMPOSITE 
SYNC PULSE WIDTH: 


ACTIVE VIDEO 


VIDEO 


CSYN 


ACTIVE VIDEO 
1-------- 


CSYN DELAY - 
~ 


VI. 
BLINK 
RATES (@ 60 Hz VSYNC): 


CHARACTER- 


BLINK 
RATE: 
DUTY CYCLE: 


CURSOR- 


BLINK 
RATE: 
DUTY CYCLE: 


VII. 
UNDERLINE 
ATTRIBUTE: 


CHARACTER 
UNDERLINE: 


CURSOR 
UNDERLINE: 


VIII. 
WIDE GRAPHICS 
FIGURE 
DEFINITION: 


COLUMN 
-> 
ca 
C7 
C6 
C5 
C4 


SCAN LINE° -> 


SCAN LINE 1 -> 


SCAN LINE 2 
-> 


SCAN LINE 3 
-> 


SCAN LINE 4 
-> 


SCAN LINE 5 
-> 


SCAN LINE 6 
-> 


SCAN LINE 7 
-> 


SCAN LINE a 
-> 


SCAN LINE 9 
-> 


SCAN LINE 10-> 


SCAN LINE 11 -> 


1.25 Hz 
75/25 


2.5 Hz 
50/50 


SCAN LINE 11 
SCAN LINE 11 


SEGMENT 6 
SEGMENT 3 


SEGMENT 5 
SEGMENT 2 


SEGMENT 4 
SEGMENT 1 


T 
t 
f 
HO1 


WO~ 
I, 
W1 


IX. 
THIN GRAPHICS 
FIGURE 
DEFINITION: 


COLUMN DOT -> 
ca 
C7 
C6 


SCAN LINE° 
-> 


SCAN LINE 1 
-> 


SCAN LINE 2 
-> 


SCAN LINE 3 
-> 


SCAN LINE 4 
-> 


SCAN LINE 5 
-> 


SCAN LINE 6 
-> 


SCAN LINE 7 
-> 


SCAN LINE a 
-> 


SCAN LINE 9 
-> 


SCAN LINE 10 
-> 


SCAN LINE 11 
-> 


SEGMENT 4 = SCAN LINE 6; ca, C7, C6, C5, C4 
SEGMENT 3 = C4; SCAN LINES 0, 1,2,3,4,5,6 


H2 = SCAN LINES 0, 1, 2, 3 


H1 = SCAN LINES 4,5,6,7 


HO = SCAN LINES a, 9, 10, 11 


W1 = ca, C7, C6, C5, C4 


WO = C3, C2, C1, CO 


SEGMENT 2 = SCAN LINE 6; C4, C3, C2, C1, CO 
SEGMENT 1 = C4; SCAN LINES 6, 7, a, 9, 10, 11 
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I 


3Dpl D3D,PI 


~ 
~ 


XTAL 1 


INTO 


XTAL2 


P2.3 


P2.2 
P21 
P2.0 


8051 
OR 
EQUIVALENT 


OPTIONAL 
SERIAL 
EEROM 


CS 


SK 


01 
DO 


oB7-oBll' 
- 


oWR 


CRT9053 


DISPLAY 
MEMORY 


oA1ll'-0All' 
ADDRESS 
BUS 
A 1.f$-All' 


2KX8 


STATIC RAM 


AID 


Ro 
o07-ooll' 
DATA BUS 
07-0'" 


WR 


CRT 9053 
TYPICAL APPLICATION 


CRT 9153 
TYPICAL APPLICATION• 


G 
oooo.oooaoo 
DOOO.ooeooo 
0.000000000 
0••• 0000000 
00••••• 0000 
00000000800 
00000000000 
oaoo.oo.ooo 
0000 ••••• 00 
oooo.oaoaoo 
00.00000000 
aOo080ooooo 
0.00000.000 
aoooooaoaoa 
oou~~~~r 


ooaoo.ooaoo 
DOoo.oooaoo 
ooooaoaoaoo 
000.0000000 
aooo.ooooae 
.0000000.00 
00000000.00 
000 
aoo 
aoo.oo.oooo 
aoo.ooooooo 
•••• 0.00.OD 
0000.000000 
acooo •• oaoo 
.0000000.00 
00000000.00 
000 
aoo 
oaOO.008ooo 
- 
"- 


aoao.oooooo 
0000.000000 
00000.00000 
.0000000000 
.0000000.00 
00000000.00 
000 
aoo 
ooaooaooaoo 
aoa080eoooo 
0000.000000 
000000.0000 
0••00000000 
0.00000.000 
00000000.00 
000 
aDO aoo.oo.oooo 
u 
oaoo.oooooo 
•••• 0000000 
00000008000 
00000000000 
00••••• 0000 
00000000.00 
000 
000 o.ooaooaooo 


G 
00000 ••• 000 
0000.00.000 
00000000000 
0000.000000 
I~inir"'oo 


000.0000000 
00000000000 
o.ou~~~~~~ 


0000.000.00 
oooo.o.oeoo 
00000000000 
000.0.00000 
.00000 
00.00000000 
0000 ••••• 00 
00.0 
a 
0 
0000.000.00 
0000.0.0.00 
00000000000 
00.000.0000 
000000 
0.000000000 
000.0000000 
00.0 
a 
.00.0 ••• 000 
0.0.0.00.00 
oooooooe.oo 
o.oooooeooo 
000000 
.0000000000 
000.0000000 
oeoo 
a 
~ eo.o.oooooo 
.0.00000000 
0000000 ••00 
.0000000.00 
000000 
0.000000000 
000.0000000 
.000 
a 
.0.0.000000 
.0.00000000 
00000000000 
00000000000 
0.000000000 
00.00000000 
0000.000000 
.0000000000 
u 
0.00.000000 
••••• 000000 
00000000000 
00000000000 
••••••••• 
00 
000.0000000 
000 •••••• 00 
0.000000000 


G 
00000.00.00 
0000.00.000 
0000.000000 
00000000000 
••••••••• 00 
00000000000 
0000 ••••• 00 
00000000000 


u~mroo 
001l1l1ir 


oo0000.000000 
000.0.00000 
0.000000000 
00000000000 
000.0000000 
0000.000000 


9 
a 
0000 
000 
0.00 
0000.000000 
000.0.00000 
00.00000000 
••••••••• 
00 
000.0000000 
0••• 0••• 000 


• 
11.00 .0. 
.00 
0000.000000 
000.0.00000 
000 •• 000000 
.0000000.00 
0000 ••••• 00 
.0000000.00 


"- 
• 
000000 
.0. 
000 
0000.000000 
000.0.00000 
00.00000000 
.0000000.00 
000.0000000 
.0000000.00 


• 
000000 
.00 
000 
0000.000000 
000.0.00000 
0.000000000 
.0000000.00 
000.0000000 
00000000000 
u a 
000000 0.. 
000 
0000.000000 
00000000000 
••••••••• 
00 
00000000000 
000 •••••• 00 
00000000000 


G 


0000.000000 
0000.00.000 
00000000000 
00000000000 
ooooeooo.oo 
0000000.000 
00000000000 
00001~~~~~~ 


0000.0.0000 
0000.0.0.00 
00000000000 
00000000000 
00000000.00 
000000.0000 
00000000000 
00000 
0 


§ 
0000.0.0000 
0000.0.0.00 
00000000000 
.0000000.00 
00000000.00 
00000.00000 
OOOOOODa.oo 
00000 
a 
.000 ••••• 00 .aooo.oo.oo 
aaaoooo •• oo 
0.00000.000 
00000000.00 
0000.000000 
••••••••• 
00 
••• 00 
a 


"- 


.0.00000000 
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STAN~D 
MICROSYSTEMS 


CORPORATION 
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CirCUIt diagrams utiliZing SMC products are Included as a means of illustrating 
typical semiconductor 
applica- 
tions; consequently 
complete 
Information 
suffiCient for construction 
purposes is not necessanly given. The 


information 
has been carefully 
checked and is believed to be entirely 
reliable. However, no responsibility 
is 


assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right 10make changes 
a1any time in order to improve design and supply the best product pOSSible 
416 


STANDARD MICROSYSTEMS 
CORPORATION,iI 
CRT92C07 
PRELIMINARY 


Advanced Terminal Logic Controller 
ATLC 


FEATURES: 
o Internal 12 Bit 42 MHz Video Shift Register. 
o Internal Oscillator 
(10 MHz to 42 MHz) or External 


TTLClock. 
o Internal Clock Divider to Generate 
80/132 columns. 


o Separate 
16 Bit Wide Private Display Memory Bus 


Resolves Memory Contention. 


o Row Table Indirect Video Memory Addressing. 
o X-V Cursor Addressing. 
o Multiple 
Bi-Directional 
Partial Page Smooth Scroll 


Regions. 
o Line Lock Capability. 
o Programmable 
Interrupt Generation. 


o Programmable 
Display Format: 
Dots per character 
(9-12) 


Characters 
per Data Row (64-132) 


Data Rows per Frame (24-64) 
Raster Scans per Data Row (10-16) 


o Programmable 
Sync Format: 
Horizontal 
Blanking Time (8-128 Characters) 


Horizontal 
Sync Delay (0-64 Characters) 


Horizontal 
Sync Pulse (1-64 Characters) 
Vertical Blanking Time (8-255 Scan Lines) 
Vertical Sync Delay (0-63 Scan Lines) 
Vertical Sync Pulse (1-63 Scan Lines) 


o Programmable 
Attribute 
Features: 
Character 
Underline 
Position 


Cursor Underline 
Position 


Character 
Blink Rate and Duty Cycle 


Cursor Blink Rate and Duty Cycle 
Blink Mode 
Four Level Intensity Control 


11 10 9 
8 7 6 5 4 
3 2 
1 84 83 82 8\ 80 i9 7877 7675 
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69 
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68 
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67 
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66 
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21 
65 
DA12 
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CGD3 
22 
64 
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23 
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62 
DA15 
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25 
61 
NC 


CGD? 
26 
60 
NC 
eGOS 
27 
S9 
NC 


CGD9 
28 
58 
000 


CGD1Q 
29 
57 
DOl 


eG011 
30 
56 
C02 


eWE 
31 
S5 
003 
COE 
32 
54 
004 
~~~~~~~~4142~~4S~.7~~~51~~ 


o Mask Programmable 
Features: 


Vertical Sync Polarity 
Horizontal 
Sync Polarity 
Video Output Polarity 


o Parallel and Tag Character 
Video Attributes. 
o External CharacterGenerator-Loadablethru 
the ATLC. 


o CMOS Technology 
for Low Power Consumption. 
o All Inputs and Outputs TTL Compatible. 


The CRT92C07 
Advanced Terminal Logic Controller (ATLC) 
provides access to display memory at the character 
rate for 
is a CMOS 
VLSI implementation 
of all the logic functions 
both display refresh and data update functions. The external 
required for generation 
of the timing and video outputs for 
character 
generator 
can 
be implemented 
with 
either 
a terminal 
design. 
EPROM or static RAM (for soft font implementations). 


The ATLC incorporates 
all of the functions 
associated 
with 
A row table addressing 
method is used to access character 
a CRT 
controller 
and 
an attributes 
controller. 
These 
data 
from 
display 
memory. 
This 
method 
provides 
the 
functions 
include 
register 
programmability 
of all timing 
capability 
to create 
multiple 
split screens 
and to smooth 
parameters, 
positioning 
of cursor, 
addressing 
of display 
scroll each screen region simultaneously 
and independently. 


memory, 
control 
of screen 
partitions, 
generation 
of video 
The 
use of a link within 
the 
row table 
allows 
flexible 
and timing signals and application 
of attributes. 
manipulation 
of the sequence 
of character 
rows on screen. 


The ATLC provides three independent 
bus interfaces-the 
The built in attributes 
controller, equivalent 
to the CRT9041 
system processor, display memory, and character generator 
Video Attributes Controller, can support parallel, embedded, 


memory. 
Data 
is transferred 
from the processor 
to the 
or tag attributes. All commonly used video terminal attributes 
display memory 
and character 
generator 
memory through 
are supported; 
in particular 
those required for DEC VT1001 


the ATLC. The double 
speed 
architecture 
of the ATLC 
220 emulation. 
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rill""" Ull uisplay 
Memory 
Address 
bus. DA15 is the MSB and DA1 is 


Address 
the LSB. 


43-58 
Display 
Memory 
0015-0 
Input/Output. 
Sixteen 
bit bi-directional 
Display 
Memory 
Data bus. Character 
data 


Data 
is transferred 
on 007-0 
and attribute 
data on 0015-8. 
0015 
is the MSB and 000 


istheLSB. 


35 
Display 
Memory 
DCWE 
Output. 
Active low write strobe to Display 
Memory. 
This signal 
is active when 
Character 
Write 
character 
data is being written 
to the display 
memory. 


Enable 


34 
Display 
Memory 
DAWE 
Output. 
Active low write strobe to Display 
Memory. 
This signal 
is active when 
Attribute 
Write 
attribute 
data is being written 
to the display 
memory. 


Enable 


36 
Display 
Memor 
y 
DOE 
Output. 
Active low output enable 
strobe to Display 
Memory. 
This signal 
is active 


Output 
Enaule 
whenever 
character 
and/or 
attribute 
data is read from memory. 


CHARACTER 
GENERATOR 
MEMORY 
INTERFACE 


77 
Character 
Clock 
CCLK 
Output. 
This output defines 
the rate at which 
characters 
are output 
to the screen. 


This signal is also used to externally 
latch the 8 address 
bits output 
from DA7-0 


for the external 
character 
generator. 
This clock output 
does not stop as a result of 


the RESET 
or Stop commands. 


33 
Alternate 
Font 
ALTFS 
Output. 
This signal 
reflects 
the state of the Underline 
2/Alternate 
Font Select 
Select 
attribute 
bit (000) 
or the Font Select 
bit in the Mode 4 register. 
When 
it reflects 


the state of the attribute 
bit, it is internally 
pipelined 
such that it is output 
at the 


same time that the associated 
character 
data is presented 
to the address 
inputs 


of the character 
generator. 
This output 
is typically 
connected 
to the MSB of the 


address 
bus to the character 
generator. 


38-41 
Scan Line Data 
SL3-0 
Output. 
These 
signals 
represent 
scan line data that are used to provide 
the four 


LSB's of the character 
generator 
address. 
SL3 is the MSB and SLO is the LSB. 


30-19 
Character 
CGD11-0 
Input/Output. 
Twelve 
bit bi-directional 
data bus to the Character 
Generator 


Generator 
Data 
memory. 


31 
Character 
CWE 
Output. 
Active low write strobe to the external 
character 
generator 
memory. 
This 


Generator 
Write 
signal 
is active when the processor 
is writing 
pattern 
data to the Character 


Enable 
Generator 
memory. 


32 
Character 
COE 
Output. 
Active low output 
enable 
strobe to Character 
Generator 
Memory. 
This 


Generator 
output 
is active whenever 
character 
pattern 
data is read from memory. 


Output 
Enable 


PROCESSOR 
INTERFACE 


3-2 
Processor 
Address 
PA1-0 
Input. These 
signals 
represent 
a 2-bit address 
bus from the processor 
which 
is 


used to access 
either the Status, 
Pointer, Character 
Data, 
RAM Address 
registers 


or the internal 
registers 
pointed 
to by the Pointer 
Register. 


15-8 
Processor 
Data 
PD7-0 
Input/Output. 
Eight bit bi-directional 
Processor 
Data bus. PD7 is the MSB and 


PD~ is the LSB. 


6 
Read Strobe 
RD 
Input. This si~1 
is useQJo gate data from the ATLC onto the processor 
bu~ 


design 
usi!l9...DS and RlW should 
tie RD to ground. 
A design 
using RD and WR 


should 
tie OS to ground. 


5 
Read/Write 
Select 
RlW 
Input. This si~1 
detern:!!!:les if the processor 
is reading 
or writing 
to the ATLC. A 


design 
usi!l9...OS and RlW should 
tie RD to ground. 
A design 
using RD and WR 


should 
tie OS to ground. 


4 
Data Strobe 
OS 
Input. This signal causes 
data to be strobed 
into or 0l!!-of the ATLC from the 
Proces.§9r Data bus depending 
on the state of the RlW si~ 
A design 
using OS 


and RlW should 
tie RD to ground. 
A design 
using RD and WR should 
tie OS to 


ground. 


7 
Chip Select 
CS 
Input. This signal is active low and enables 
all read and write operations 
between 


the processor 
and the ATLC. 


16 
Interrupt 
INTER 
Output. 
This signal is active high and occurs 
when the ATLC encounters 
an 
enabled 
interrupt 
causing 
condition. 
This signal 
is reset by reading 
the Interrupt 


Status 
register 
or a Reset command. 


VIDEO 
INTERFACE 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


82 
Horizontall 
H/CSYN 
Input/Output. 
This signal provides 
either a horizontal 
or composite 
Composite 
Sync 
synchronization 
output. 
It can also be driven as an input to allow synchronization 
of horizontal 
sync to an external 
source. 
The function 
of this signal 
is register 
programmable. 
After reset, this signal defaults 
to the input mode. The polarity 
of 
the signal is mask programmable. 


83 
Vertical 
Sync 
VSYN 
Input/Output. 
This signal provides 
either 
a vertical 
synchronization 
output. 
It can 
also be driven as an input to allow synchronization 
of vertical 
sync to an external 
source. 
After reset, this signal defaults 
to the input mode. The polarity 
of the 
signal 
is mask programmable. 


78 
Video 
VIDEO 
Output. 
This signal provides 
the serial dot stream 
for the video 
interface. 
The 
polarity 
of this signal 
is mask progammable. 


79-78 
Intensity 
Out 
INTOUT2-1 
Output. 
These 
signals 
provide 
the two bits of the Intensity 
attribute 
for use with an 
external 
mixing circuit to create 
variable 
intensity 
on screen. 
This signal 
is 
modified 
at the character 
rate and is synchronized 
with the VIDEO 
output. 


MISCELLANEOUS 


17-18 
Crystal 
Input 
XTAL1·2 
Input. These 
inputs are used for direct connection 
to a crystal. 
An external 
TTL 
level clock may be used to drive XTAL 1, in which case XTAL2 
should 
be 
left floating. 


81,84 
Power 
VCC 
5.0 volt power connection. 


1,42 
Ground 
GND 
Ground 
connection. 


SYSTEM DESCRIPTION 
attribute 
RAM's and an output enable when reading fromI 
The system 
diagram 
shown 
in Figure 
1 illustrates 
the 
the RAM's. 
_ 
minimum 
hardware 
required 
to implement 
the display 
The processor 
can access the display memory through the 
interface 
for a terminal 
design 
using the ATLC. There are 
ATLC. The processor writes an address to the RAM Address 
three bus interfaces, the video interface and the clock inputs. 
Register which serves as a pointer to the display memory 
The only external logic required is a decoder for generating 
location 
to be accessed. 
Next the processor 
either reads 
the chip select 
on the processor 
bus and an 8 bit latch 
data from or writes data to the display memory through the 
between 
the Character 
Generator 
RAM and the Display 
Character 
Data register. The ATLC actually 
performs 
the 
Character 
RAM. 
transfer with the display memory using a Busy status bit as 
Processor 
Bus 
a flag to indicate 
when the transfer 
has been completed. 


The processor 
bus consists of a 2 bit address bus (PA1-0), 
The ATLC is capable 
of performing 
two display 
memory 
8 bit data bus (PD7-0) and three control signals. The MSB's 
accesses 
during each character 
period. One access is for 
of the processor 
address bus are decoded to generate the 
refresh of the screen (during visible scan time) and the other 
Chip Select (CS) signal for the ATLC. Three control signals 
is for data transfers 
from the processor 
(at any time). This 
are available 
as inputs to the ATLC for data transfers 
over 
architecture eliminates the memory contention problem and 
the bus-Read 
~obe 
(RS), Data Strobe (OS) and Read/ 
provides maximum throughput from the processor to display 
Write Select 
(R/W). 
Only two of these three 
signals 
will 
memory. 
typically be used depending on the tyRe of system .Qfocessor 
Character 
Generator 
Memory 
Bus 
belilll 
used. 
One option 
would 
be RD and R/W, where 
The character 
generator 
memory 
bus consists 
of a 13 bit 
R/W would 
serve 
as a write 
strobe 
inpJ!!.(DS 
m.\!l>t.~ 
address bus, a 12 bit data bus (CGD11-0) 
and two control 
grounded), 
and the other option would be OS and R/W (RD 
signals. 
Five of the 13 address bits are output by the ATLC 
must be grounded). 
(ALTFS, SL3-0) while the other eight come from the external 
There are five directly accessible registers in the ATLC which 
latch that stores the ASCII character 
data coming from the 
are selected 
by two address 
inputs 
(PA1-0). 
All other 
Display 
Character 
RAM. 
The 
12 bits of pixel 
data 
are 
registers in the ATLC are indirectly accessible 
via one of the 
transferred to the ATLC, processed by the attribute logic and 
direct 
registers, 
the Register 
Pointer. 
There 
is also an 
converted 
to serial form for output on the Video signal. The 
Interrupt 
(INTER) 
output 
provided 
identifying 
key internal 
character 
generator 
memory 
can be implemented 
with 
events. 
either EPROM or RAM. If RAM is used then the processor 
Display Memory 
Bus 
can make use of character data and address registers in the 
The display 
memory 
bus consists 
of a 15 bit address 
bus 
ATLC to download 
the character 
font. The control signals 


(DA15-1), 
a 16 bit data bus (0015-0) 
and three 
control 
provided are a write enable and an output enable. 


signals. The 15 bit Display Memory Address bus provides 
Video Interface 
access to a maximum of 32K, 16 bit words which are divided 
The ATLC outputs 
all the signals 
required 
by the video 
into 8 bits for character 
data and 8 bits for attribute 
data. 
interface. 
These 
include the serial video data signal, two 


The last 256 memory locations (highest memory addresses) 
intensity 
signals 
and the vertical 
sync and horizontal! 


are used to store the row table. The 8 MSB's of the Display 
composite 
sync signals. The dot clock can be generated 
by 
Memory Data bus are the attribute data and are used by the 
a crystal oscillator 
internal to the ATLC. The crystal placed 
ATLC to generate unique attributes for each character output 
on the XTAL 1/XTAL2 inputs should be that required for the 
to the screen. The 8 LSB's of the Display Memory Data bus 
dot clock used for a 132 column 
display. When switching 
are the character 
data and this data is latched externally, as 
between 
80 and 
132 column 
displays, 
the ATLC will 
shown in Figure 1, to provide 8 of the 13 bits of the address 
automatically 
perform 
a divide 
by 2/3 of the dot clock 


for the character generator memory. There are three control 
internally. There is also the option of driving the XTAL 1 input 
signals-separate 
write 
enables 
for the· character 
and 
with a TTL clock. 
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NOTE: For an updated data sheet please fill out the reply card in 
the back of this catalog or call SMC at (516) 273·3100. 
mr 
DARD 
MICROSYSTEMS Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


PaR J\TV'\AI 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 


I"\IIVI" 
The information has been carefully checked and is believed to be entirely reliable. However.no responsibility is 


'''''M,," • 
•• "'. assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


rO'O' 
"'" 
•• 
~"."' 
••• 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSVSTEMS 
CORPORATION, 
CRT 9212 


Double Row Buffer 
ORB 


o Low Cost Solution to CRT Memory 
Contention Problem 


o Data May be Written into Buffer at Less Than 


the Video Painting Rate 


DIN2 
1 
28 DIN3 


DIN1 
2 
27 WCLK 


DINO 
3 
26 OE 


DOUT7 
4 
25 WEN2 


DOUT6 
5 
24 WEN1 I 


DOUT5 
6 
23 GND 


DOUT4 
7 
22 ROF 
vcc 
8 
21 WOF 


DOUT3 
9 
20 REN 


DOUT210 
19 CLRCNT 


DOUT111 
18 TOG 


DOUTO 12 
17 RCLK 


DIN713 
16 DIN4 


DIN614 
15 DIN5 


o Provides Enhanced Processor Throughput for 


CRT Display Systems 


o Replaces Shift Registers or Several RAM and 


Counter IC's in CRT Display System 


o Permits Display of One Data Row While Next 


Data Row is Being Loaded 


o Double Data Row Buffer Permits Second Data 


Row to be Loaded Anytime during the Display 
of the Preceding Data Row 


o Permits Active Video on All Scan Lines of 


Data Row 


o Dynamically Variable Number of Characters 


per Data Row- 
... 64, 80, 132,... up to 


a Maximum of 135 


o Three-State Outputs 
o Up to 4 MHz ReadlWrite Data Rate 
o Compatible with SMC CRT 5037, CRT 9007, 


and other CRT Controllers 


028 Pin Dual-In-Line Package 
o + 5 Volt Only Power Supply 
o TTL Compatible 


o Cascadable for Data Rows Greater than 


135 Characters 


o Stackable for "Invisible Attributes" 
or Character Widths of Greater than 8 Bits 


The CRT 9212 Double Row Buffer (DRB) provides 
while the previous data row is being displayed. The 
a low cost solution to memory contention between the 
loading of data may take place during any of the scan 
system processor and the CRT controller invideo dis- 
line times of the data row. This relaxed time-con- 
play systems. 
straint allows the processor to perform additional 
The CRT 9212 DRB is a RAM-based buffer which 
processing on the data or service other high priority 
provides two rows of buffering. It appears to the sys- 
interrupt conditions 
(such as a Floppy Disk DMA 
tem as two octal shift registers of dynamically vari- 
request) which may occur during a single video scan 
able length (2-135 bytes) plus steering logic. 
line. The result is enhanced processor throughput and 
The CRT 9212 permits the loading of one data row 
flicker-free display of data. 
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OCTAL 


2-1 
MUX 


TOG 


CLRCNT 


OE 


RCLK 


REN 


WCLK 


WEN1 


WEN2 


ROF 


WOF 
FIGURE 1: 
CRT 9212 DOUBLE ROW BUFFER BLOCK DIAGRAM 


INTERNAL 
REN 
~11J~~~~ 
--.,.~ 
~. 


(READ) 


~HIGHIMPEDANCE~ 


l-l __ 
I 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 
3-0,28, 
Data inputs 
DINO-DIN7 
DINO-DIN7 are the data inputs from the system memory. 


16-13 
12-9,7-4 
Data outputs 
DOUTO- 
DOUTO-DOUT7 are the data outputs from the CRT 9212 internal data output 
DOUT7 
latch. Valid information will appear on DOUTO-DOUT7 two RCLK periods after 
the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 
17 
Read Clock 
R"CIR 
RCLK increments the current "read" address register, clocks data through the 
"read" buffer and moves data through the internal pipeline at the trailing edge. 


18 
Toggle Signal 
roTI 
roTI alternates the function of each buffer between read and write. TOG nor- 
mally occurs at every data row boundary. Switching of the buffers occurs when 
both roTI and CLRCNT are low. 


19 
Clear Counter 
crncm 
Clear Counter clears the current "read" address counter at the next TiCO< posi- 
tive edge. "CD1Cl'\IT is normally asserted low at the beginning of each horizontal 
retrace interval. crncm clears the current "write" address counter when the 
roTI is active. 
20 
Read Enable 
REN 
REN enables the loading of data from the selected "read" buffer into the output 
latch. Data is loaded when Read Clock is active. 


21 
Write Overflow 
WOF 
WOF high indicates that data is being written into the last memory position (posi- 
tion 135). When WOF is high, further writing into the selected "write" buffer is dis- 
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 
9212 for cascaded operation where data row lengths of greater than 135 charac- 
ters are desired. See figure 4. 


22 
Read Overflow 
ROF 
The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further readin~ from the selected 
"read" buffer. ROF may be connected to the REN input 0 a second CRT 9212 for 
cascaded operation where data row lengths of greater than 135 characters are 
desired. DOUTO-7will switch into a high impedance state at the second positive 
transition of RCLK after ROF goes high. See figure 4. 


24,25 
Write Enable 
WEN1, 
WEN allows input data to be written into the selected "write" buffer during weD< 


WEN2 
active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 
internal pullup resistor allowing it to assume a high if pin 24 is left open. 


26 
Output Enable 
l)E 
When the l)E input is low,the data outputs DOUTO-DOUT7 are enabled. When 
l)E is high, DOUTO-DOUT7 present a high impedance state. l)E has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 
27 
Write Clock 
weD< 
WCIJ< clocks input data into the selected "write" buffer and increments the cur- 
rent "write" address register when WEN1 and WEN2 are high. 
8 
Power Supply 
Vcc 
+ 5 Volt supply 
23 
Ground 
GND 
Ground 
I 


Figure 
1 illustrates 
the internal 
architecture 
of the CRT 
9212. It contains 
135 bytes of RAM in each of its two buff- 
ers. In normal 
operation, 
data is written 
into the input latch 
on the positive-going 
edge of Write Clock (WCLK). 
When 
both Write Enable (WEN1, WEN 2) signals go high, the next 
WCLK 
causes 
data from the input latch to be written 
into 
the selected 
buffer 
(1 or 2) and the associated 
address 
counter 
to be incremented 
by one. Loading 
of the selected 
RAM buffer continues 
until WEN goes inactive dr until the 
buffer has been fully loaded. At the next data row boundary, 
the Toggle 
Signal 
(TOG) 
will go low. When Clear Counter 


(CLRCNT) 
goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address 
counters 
to zero, switching 
the 
buffer just loaded 
from a "write 
buffer" 
to a "read 
buffer", 


permitting 
the next row of data to be written 
into the other 
buffer. Data from the current "read" 
buffer is read out of the 
buffer and to the output latch whenever 
Read Enable (REN) 
is high during 
a Read Clock 
(RCLK). 
Each read-out 
from 


the buffer 
RAM causes 
the "read" 
address 
counter 
to be 
incremented. 
REN is normally 
high during the entire visible 
line time of each scan line of the data row. CLRCNT 
resets 
the present 
"read" 
address 
counter. 
The negative 
edge of 
CLRCNT 
is detected by the CRT 9212 and the internal "read" 


address 
counter 
is cleared 
independent 
of the CLRCNT 
pulse width. 
The CLRCNT 
input may be tied to the REN 
input for proper operation. 


Figures 2 and 3 illustrate 
the functional 
timing for reading 
and writing 
the CRT 9212. It is possible 
to cascade 
two or 


more CRT 9212's to allow for data storage greater than 135 
bytes 
by employing 
the 
read 
overflow 
(ROF) 
and write 
overflow 
(WaF) 
outputs. Figure 4 illustrates two CRT 9212's 
cascaded 
together. 


The CRT 9212 is compatible 
with the CRT 9007 video 
processor 
and controller 
(VPAC'") 
and the CRT 8002 video 
display 
attributes 
controller 
(VDAC'"). 
A typical 
video 
configuration 
employing 
the 
three 
parts 
is illustrated 
in 
figure 5. 
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'Stresses 
above 
those 
listed 
may cause 
permanent 
damage 
to the device. 
ThiS IS a stress 
rating 
only and tunctlonal 
operation 
ot tne 


device 
at these 
or at any other 
condition 
above 
those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


PARAMETER 
MIN 
TVP 
MAX 
UNITS 
COMMENTS 


DC CHARACTERISTICS 
INPUT 
VOLTAGE 
LEVELS 


Low Level 
V'L 
0.8 
V 


High Level 
V,H1 
2.0 
V 
excluding 
RCLK; 
WCLK 
High Level 
V,H2 
4.2 
V 
RITI<,WCO< 


OUTPUT 
VOLTAGE 
LEVELS 
Low Level 
VOL 
0.4 
V 


High 
Level 
VOH 
204 
V 


INPUT 
LEAKAGE 
CURRENT 


High Leakage 
ILH1 
10 
~A 
excluding 
OE 
Low Leakage 
ILLl 
10 
~A 
exciuding 
WEN1 
High Leakage 
ILH2 
400 
~A 
WEN1 


Low Leakage 
ILL2 
400 
~A 
OE 


INPUT 
CAPACITANCE 


C1N1 
10 
pF 
eXCIUdin%RCLK, 
WCLK 


C1N2 
15 
pF 
RCLK, 
W 
LK 


POWER 
SUPPLY 
CURRENT 


Ice 
100 
mA 


levw 
300 
ns 
Write clock 
period 


leVR 
300 
ns 
Read clock 
period 


leKH 
247 
DC 
ns 


leKL 
33 
ns 


leKR 
10 
ns 
measured 
from 
10% to 90% points 
leKF 
10 
ns 
measured 
from 
90% to 10% points 
tos 
50 
ns 
referenced 
to WCO< 


tOH 
'0 
ns 
referenced 
to WCLK 


tEN12 
0 
ns 


tEN>" 
100 
ns 


tENH2 
0 
ns 


tov 
175 
ns 
CL = 50 pF; referenced 
from R'CD< 
tOOFF 
175 
ns 


tOON 
175 
ns 


lop' 
175 
ns 
CL = 30pF 


les 
100 
ns 


leH 
0 
ns 


tm" 
1teyw 


1 • Reference 
points 
for all AC parameters 
are 204V high and Oo4V low. 


2· 
For REN, 
referenced 
from 
RCLK; 
for WEN1 
or WEN2 
referenced 
to WCO<. 
3 • For ROF, referenced 
from R'CD<; for WOF 
referenced 
from WCLK. 
4· 
At least 
1 WCLK 
rising 
edge 
must occur 
between CI:RCNT or TOG (whichever 
occurs 
last) and WEN (= WEN1-WEN2). 


MEMORY 
ROM 
RAM 
VIDEO 
RAM 
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FIGURE 4: CRT 9212 CASCADED 
CONFIGURATION 
FOR DATA ROW LENGTHS 
UP TO 270 CHARACTERS 


STANDARD MICROSYSTEMS 
CORPORATION,.i 


Quad Row Buffer 
QRB 


FEATURES 
o Low Cost Solution to CRT Memory Contention 


Problem 
o Provides 
Enhanced 
Processor 
Throughput 
for CRT 


Display Systems 
o Replaces 
Shift Registers or Several RAM and Counter 


IC's in CRT Display System 
o Permits Display of One Data Row While Next Data 


Row is Being Loaded 
o Data May be Written into Buffer at Less Than the Video 


Painting Rate 
o Row Buffer Architecture 
Permits Second Data Row to 


be Loaded Anytime 
during the Display of the Preceding 


Data Row 
o Permits Active Video on All Scan Lines of Data Row 
o Dynamically 
Variable Number of Characters 
per Data 


Row- 
... 64,80,132, 
... up to a Maximum 
of 135 
o Stackable 
for "Invisible 
Attributes" 
or Character 
Widths 


of Greater than 8 Bits 
o Supports 
Both Double Row Buffer and Attribute 


Assemble 
Modes of the CRT 9007 
o Three-State 
Outputs 


o Up to 4 MHz ReadlWrite 
Data Rate 


o Compatible 
with SMC CRT 9007 


040 
Pin Dual-In-Line 
Package 
o Low Power CMOS Technology 
o + 5 Volt Only Power Supply 
o TTL Compatible 


CRT 94C12 


PRELIMINARY 


DIN15 


DIN14 
DIN13 
DIN12 


DIN11 
DIN10 


DIN9 
DIN8 
DIN7 


DIN6 
DIN5 
DIN4 
DIN3 


DIN2 
DIN1 


DINO 
CLRCNT 
TOG 
WCLK 
vss 


The CRT 94C12 Ouad Row Buffer (ORB) is a CMOS VLSI 
device which provides 
a low cost solution to memory con- 


tention 
between 
the system processor 
and the CRT con- 


troller in video display 
systems 
yet provides 
a maximum 


performance 
solution 
when combined 
with the CRT 9007 
and the CRT 9041 VPAC family components. 


The CRT 94C12 ORB is a RAM-based 
buffer which pro- 


vides four rows of buffering. 
It appears to the system as two 


pairs of octal shift registers 
of dynamically 
variable length 


(2-135 bytes) plus steering 
logic. 


40 
39 
38 
37 


36 
35 
340 


33 
32 
31 


30 
29 
28 
27 
26 
25 
24 
23 


22 
21 


Vrx; 
DOUT15 
DOUT14 


DOUT13 
DOUT12 
DOUT11 
DOUT10 


DOUT9 
DOUT8 
DOUT7 


DOUT6 
DOUT5 
DOUT4 
DOUT3 
DOUT2 
DOUT1 
DOUTO 
REN 
WEN 
RCLK 


I 


The CRT 94C12 can support both the double row buffer and 
the attribute 
assemble 
operation 
modes of the CRT 9007. 


These operation 
modes permit the loading of one data row 


while the previous data row is being displayed. 
The loading 


of data may take place during any of the scan line times of 
the data row. This relaxed time-constraint 
allows the pro- 
cessor 
to perform 
additional 
processing 
on the data or 


service 
other high priority 
interrupt 
conditions 
which may 


occur during a single video scan line. The result is enhanced 
processor 
throughput 
and flicker-free 
display 
of data. 
In 


addition the attribute 
assemble 
mode allows an 8-bit data 


bus to be used when implementing 
parallel attributes. 


OCTAL 
2-1 
MUX 


TOG 


ADDRESS 
RAM 4 
• 
CLRCNT 
COUNTER 
4 
ADDR7-0 
135 x 8 
RCLK 
READIWRITE 
CONTROL 
REN 


WCLK 


WEN 


ADDRESS 
ADDR7-0 
RAM 
1 
COUNTER 
1 
135 x 8 


OCTAL 


2-1 
MUX 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


1-16 
Data inputs 
DIN15-DINO 
DIN15-DINOare the data inputs from the system memory. 


24-39 
Data outputs 
DOUT15- 
DOUT15-DOUTOare the data outputs from the CRT 94C12 internal data output 


DOUTO 
latch. Valid information will appear on DOUTO-DOUT15two RCLK periods after 
the rising edge of REN. This introduces two pipeline delays when supplying data to 
the character generator. 


21 
Read Clock 
RCLK 
RCLK increments the current "read" address register, clocks data through the 
"read" buffer and moves data through the internal pipeline at the trailing edge. 


18 
Toggle Signal 
TOG 
TOG alternates the function of each buffer between read and write. TOG norm~ 
occurs at every data row boundary. Switching of the buffers occurs when both TOG 
and CLRCNT are low. 


17 
Clear Counter 
CLRCNT 
Clear Counter clears the current "read" address counter at the next RCLK positive 
edge. CLRCNT is normally asserted low at the beginning of each horizontal retrace 
interval. CLRCNT clears the current "write" address counter when the TOG 
is active. 


23 
Read Enable 
REN 
REN enables the loading of data from the selected "read" buffer into the output 
latch. Data is loaded when Read Clock is active. 


22 
Write Enable 
WEN 
WEN allows input data to be written into the selected "write" buffer during WCLK 
active. WEN has an internal pUliupresistor allowing it to assume a high if pin 22 is 
left open. 


19 
Write Clock 
WCLK 
WCLK clocks input data into the selected "write" buffer and increments the current 
"write" address register when WEN is high. 


40 
Power Supply 
Vcc 
+ 5 Volt supply 


20 
Ground 
GND 
Ground 


OPERATION 


Figure 
1 illustrates 
the internal 
architecture 
of the CRT 


94C12. It contains 
135 bytes of RAM in each of its four buff- 


ers. In normal operation, 
data is written into the input latch 


on the positive-going 
edge of Write Clock (WCLK). When 


Write Enable (WEN) goes high, the next WCLK causes data 
from the input latch to be written 
into the selected 
buffer 
(1 or 2) and the associated 
address 
counter 
to be incre- 


mented by one. Loading of the selected RAM buffer contin- 
ues until WEN goes inactive or until the buffer has been fully 
loaded. At the next data row boundary, the Toggle Signal 
(TOG) will go low. When Clear Counter (CLRCNT) goes low, 
the next Read Clock (RCLK) will begin to reset both buffer 
address counters 
to zero, switching 
the buffer just loaded 


from a "write buffer" to a "read buffer", permitting 
the next 


row of data to be written into the other buffer. Data from the 
current "read" 
buffer is read out of the buffer and to the out- 


put latch whenever 
Read Enable 
(REN) 
is high during 
a 


Read Clock (RCLK). 
Each read-out 
from the buffer RAM 


INTERNAL 
REN 
~~TJ~~~~ 
---~----- 


(READ) 


causes the "read" address counter to be incremented. 
REN 


is normally 
high during the entire visible line time of each 


scan line of the data row. CLRCNT resets the present "read" 
address counter. The negative edge of CLRCNT is detected 
by the CRT 94C12 and internal "read" 
address counter. 


Figures 2 and 3 illustrate 
the functional 
timing for reading 


from and writing to the CRT 94C12. The CRT 94C12 is com- 
patible with the VPAC family of devices 
(CRT 9007, CRT 


8002, CRT 9021 and the CRT 9041) and provides up to six- 
teen bits per character 
of row buffering with a single device. 


The sixteen bits can be divided between character data and 
attributes 
as required allowing the support of character-by- 


character, 
or invisible, 
attributes. 
This capability 
can be 


implemented 
using a 16-bit data bus with the double 
row 


buffer operation 
mode of the CRT 9007 or an 8-bit data bus 


using the attribute 
assemble 
operation 
mode. Typical con- 


figurations 
employing 
the VPAC family 
of parts are illus- 


trated in Figures 5 and 6. 
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HIGH 
IMPEDANCE 


MAXIMUM 
GUARANTEED 
RATINGS 
Operating Temperature 
Range .....................................................•........................... 
0° to 70°C 
Storage Temperature Range 
- 55°C to + 150°C 
Lead Temperature (soldering, 10 see) 
+ 325°C 
Maximum 
Vee 
+ 7.0 V 
Positive Voltage on any Pin, with respect to Ground 
Vee + 0.3 V 
Negative Voltage on any Pin, with respect to Ground 
- 0.5 V 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


ELECTRICAL 
CHARACTERISTICS 
(T A = DOG to 7DoG, Vcc = +5V ±5%) 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 


DC CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level V'L 
0.8 
V 
High Level V,H1 
2.0 
V 
excluding RCLK; WCLK 
High Level V,H2 
4.2 
V 
RCLK, WCLK 


OUTPUT VOLTAGE LEVELS 
Low Level VOL 
0.4 
V 
IOL= 2mA 
I 


High Level VOH 
2.4 
V 
IOH= 100 fJ-A 


INPUT LEAKAGE CURRENT 
High Leakage ILH1 
10 
fJ-A 
excluding OE 
Low Leakage ILu 
10 
fJ-A 
excluding WEN1 
High Leakage ILH2 
400 
fJ-A 
WEN1 
Low Leakage ILL2 
400 
fJ-A 
OE 


INPUT CAPACITANCE 


C,N1 
10 
pF 
excluding RCLK, WCLK 
C,N2 
15 
pF 
RCLK, WCLK 


POWER SUPPLY CURRENT 
Ice 
40 
mA 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


AC CHARACTERISTICS' 
tevw 
250 
ns 
Write clock period 


tevA 
250 
ns 
Read clock period 


teKH 
100 
DC 
ns 


teKL 
100 
ns 


teKA 
10 
ns 
measured from 10% to 90% points 


teKF 
10 
ns 
measured from 90% to 10% points 
tos 
50 
ns 
referenced to WCLK 


tOH 
0 
ns 
referenced to WCLK 


tEN,2 
0 
ns 


tEN22 
100 
ns 


tENH2 
0 
ns 


tov 
175 
ns 
CL = 50 pF; referenced from RCLK 
tes 
100 
ns 


teH 
0 
ns 


tWT3 
1tevw 


1 - Reference points for all AC parameters are 2.4V high and O.4V low. __ 
2 - For REN, referenced from RCLK; for WEN1 or WEN2 referenced to WCLK. 
3 - At least 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN 


(= WEN1-WEN2). 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli- 
cations: consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon- 
ductor devices described any license under the patent rights of SMC or others. SMC reserves the right to 
make changes at any time in order to improve design and supply the best product possible. 


CRT97C11 
PRELIMINARY 


Video Engine For Windows 
VIEW 


FEATURES: 
D 127 Independent 
Windows 
Max per Screen. 


D Windows 
Specified 
Relative to Screen: 


Window 
Number 


X-V Start/End 
Screen Coordinate 


X-V Display Memory 
Start Address 


D Attributes 
can be Specified 
on a per Window Basis: 


Window 
Priority 


Up to 8 Parallel Attributes/Window 
Output by VIEW 
Background 
windows 


D Three Internal Break Address Buffers. 
D 32 Max Visible Horizontal 
Breaks per Scan Line. 


D Capable 
of Generating 
Screen Resolutions 
as High as 


4K x 4K Pixels (assuming 
a 16 bit wide display 


memory). 


D Private Display and System Buses: 


20 Bit X-V Display Memory Address Bus + 4 Bit 
Extended 
Bus 


16 Bit Address/Data 
Bus to System Memory 


D Separate 
Clocks for Display and System Buses. 


D DMA Master Capability 
for Interfacing 
to System 


Memory. 
D Automatic 
and Transparent 
Dynamic 
RAM Refresh for 


Display Memory. 


D Programmable 
Cursor Output. 


D Fully Programmable 
Display Format. 


D Normal or Interlaced 
Video Output. 


GND 
AD15 
AD14 
AD13 
AD12 


AD'1 
AD10 
AD9 
AOS 
AD7 
AD6 
AD5 
AD4 
AD3 
AD2 
A01 
AD0 
I 


VDA11 
VDA12/ATTR4 
VDA13/ATTR5 
HDA9/ATTR7 
HDAS/ATTR6 
HDA7 
HDA6 
HDA5 
HDA4 
HDA3 
HDA2 
HDA1 
HDA0 
BRKCHG 
HS 
\is 
VDD 


D Horizontal 
and Vertical Drive Signals may be Externally 


Synchronized. 


D Compatible 
with 680XO and 80X86 Processors. 


D Low Power CMOS Technology. 


GENERAL 
DESCRIPTION 


The CRT97C11 
Video Engine for Windows 
(VIEW) is a 3rd 
The 
VIEW 
generates 
display 
memory 
addresses 
by 
generation CRT controller following the CRT50x7 family (1st 
correlating 
the X and Y screen 
coordinates 
at which the 
generation) 
and the CRT9007 
(2nd generation). 
The VIEW 
windows 
start and end with the X and Y display 
memory 
is designed 
to support 
both 
bit-mapped 
graphics 
and 
addresses. 
The VIEW stores this information 
in its three 
alphanumeric 
types of CRT displays. This device allows real 
internal break buffers. As the VIEW generates 
the display 
time manipulation 
of independent, 
overlapping 
windows on 
memory 
addresses 
for the windows, 
it automatically 
the screen with a minimum 
of processor 
intervention. 
resolves 
priority 
conflicts 
that 
arise 
when 
two or more 
The VIEW architecture 
provides the system designer 
with 
windows 
overlap. 
a very high performance 
and extremely 
flexible method for 
Control of window 
position 
on screen, 
its size and priority 
supporting 
the generation 
of windows 
on screen. 
The 
relative to other windows 
and the visible 
contents 
of the 
performance 
advantage 
over designs 
which 
manipulate 
window 
are all accomplished 
via the simple manipulation 
windows via software is significant. 
Windows Onscreen are 
of data in the window 
list in system 
memory. 
The VIEW 


defined via a window 
list maintained 
in system memory by 
buffers and outputs general purpose attribute 
bits for each 
the system microprocessor 
and accessed by the VIEW chip. 
window 
as it generates 
that window's 
display 
memory 
The VIEW chip is also able to access display memory data 
addresses. 
The VIEW 
automatically 
generates 
dynamic 
via a separate 
memory bus which can be as wide as 24 bits 
RAM refresh addresses 
during the horizontal 
and vertical 
providing 
a 16M word address range. 
retrace intervals. 
433 


RESET AND 
INTERRUPT 
LOGIC 


SYSTEM 
RiN~ 
BUS 
IIF 
REGISTER 
FILE AND 
RASTER 
GENERATOR 


BREAK 
PROC- 
ESSOR 


DISPLAY 
MEMORY 
BUS SIGNALS 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


55-48 
Horizontal 
Display 
HDA7-0 
Output. 
Eight bits of the Display 
Memory 
Address 
corresponding 
to the X portion 


Memory 
Address 
of the window's 
data address 
in display 
memory. 
HDA7 is the MSB and HDAO is 


the LSB. 


60 
Vertical 
Display 
VDA11-0 
Output. 
Twelve 
bits of the Display 
Memory 
Address 
corresponding 
to the Y 
62-68 
Memory 
Address 
portion 
of the window's 
data address 
in display 
memory. 
VDA 11 is the MSB and 
1-4 
VDAO is the LSB. 


42 
Display 
Clock 
DCLK 
Input. This signal 
is used to generate 
all Display 
Memory 
Bus cycles. 
A minimum 


high voltage 
of 4.0V must be reached 
for proper operation. 


40 
Visible 
Line Time' 
VLT 
Output. 
This signal 
is active high for the visible 
(non-blanked) 
portion 
of every 


horizontal 
period 
including 
the vertical 
retrace 
period. 


8-5 
Attributes 
ATTR3-0 
Outputs. 
Four of these outputs 
(ATT3-0) 
are used as general 
purpose 
attributes 
58-59 
ATTR5-4/ 
which 
are unique to each window 
being displayed. 
The other four outputs 
(ATT7- 
57-56 
VDA13-12 
4) are used as either four additional 
attribute 
outputs 
or as address 
extension 
bits 


ATTR7-6/ 
for the Horizontal 
Display 
Memory 
Address 
(ATT7-6/HDA9-8) 
or the Vertical 


HDA9~8 
Display 
Memory 
Address 
(ATT5-4NDA13-12). 
The functions 
served 
by ATT7-4 


are determined 
by the contents 
of the Interrupt 
Enable/Mode 
Register 
(R17[1,OJ). 


41 
Refresh 
RFRSH 
Output. 
This signal 
is active high when the VIEW 
is generating 
dynamic 
RAM 


refresh 
addresses 
for the display 
memory. 
The refresh 
address 
is output 
on the 


Vertical 
Display 
Memory 
Address 
bus during 
the portion 
of the horizontal 
period 


in which 
the video 
is blanked 
(when VLT is low). 


47 
Break Change 
BRKCHG 
Output. 
The active high state of this signal 
indicates 
that the next Display 
Clock 


generates 
a new visible 
horizontal 
break. 


VIDEO DRIVE SIGNALS 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


46 
Horizontal 
Sync 
HS 
Input/Output. 
This signal initiates 
a horizontal 
retrace. 
Its position 
and pulse width 


are programmable. 
After a hardware 
or software 
reset this signal will behave 
as 


an input. Programming 
this signal 
as an input allows the horizontal 
scan rate to be 


synchronized 
to an external 
source. 
An external 
pullup 
resistor 
will be required 
to 


guarantee 
that this signal is inactive 
high after power-up. 


45 
Vertical 
Sync 
VS 
Input/Output. 
This signal 
initiates 
a vertical 
retrace. 
Its position 
and pulse width 


are programmable. 
After a hardware 
and software 
reset this signal 
will behave 
as 


an input. Programming 
this signal as an input allows the vertical 
scan rate to be 


synchronized 
to an external 
source. 
An external 
pullup 
resistor 
will be required 
to 


guarantee 
that this signal 
is inactive 
high after power-up. 


VIDEO DRIVE SIGNALS 


PINNa. 
NAME 
SYMBOL 
FUNCTION 


39 
Composite 
Blank 
CBLANK 
Output. 
This signal goes active high when a vertical 
or horizontal 
retrace 
is going 
to be initiated. 
The signal stays active for the entire retrace. 
CBLANK 
is used to 
blank the video to the CRT. The CBLANK 
signal can be skewed 
0 to 3 DCLK's 
with respect 
to the Display 
Memory 
Address 
and Attribute 
bus timings. 


38 
Composite 
Sync 
CSYN 
Output. 
This signal provides 
a true RS-170 composite 
sync waveform 
with 
equalization 
pulses 
and vertical 
serrations 
in both interlace 
and non-interlace 
formats. 
Figure 
14 under Functional 
Description 
illustrates 
the CSYN 
output 
in 
both modes. 


36 
Cursor 
CURS 
Output. 
This signal 
is active high for the programmed 
number 
of DCLK 
periods 
on 
each of the programmed 
scan lines (see descriptions 
of R11 thru R15). The 
CURS 
output 
can be skewed 
0 to 3 DCLK's 
from the Display 
Memory 
Address 
and Attribute 
bus timing. 


SYSTEM 
BUS SIGNALS 


11-26 
System 
AD15-0 
InpuVOutput. 
These 
16 signals 
are used by the system 
processor 
to access 
the 
Address/Data 
Bus 
internal 
registers 
of the VIEW chip when 
it is in the peripheral 
mode. 
When 
in the 
master 
mode then the VIEW chip controls 
the bus in order to access 
the window 
list in system 
memory. 
Following 
a hardware 
or software 
reset the VIEW 
chip will 
be in the peripheral 
mode. 


28 
Chip Select 
CS 
Input. If VIEW 
is not performing 
a DMA cycle, the active low state of this input will 
allow the system to clock data into or read data out of the internal 
VIEW 
registers 


while the inactive 
high state of this signal will force AD15-0 
into an input (high 
impedance) 
state. A minimum 
high voltage 
of 4.0V must be output 
for proper 
operation. 


31 
Address 
Enable 
AEN 
Input. When the VIEW 
is operating 
as bus master 
and performing 
a DMA cycle, 


the active high state of this signal will enable the VIEW to output 
the System 
Memory 
Address 
on AD15-0. 
The VIEW 
is not affected 
by the state of this input 


unless 
it has received 
ACK and is performing 
a DMA cycle. 


30 
Read/Write 
R/W 
Input. This signal is used to qualify 
the CS input and determines 
whether 
the 
system 
is writing 
data into (low state) or reading 
data from (high state) 
the VIEW 
registers. 


33 
DMA Request 
DMAR 
Output. 
This signal 
is driven active high by VIEW to request 
use of the System 
Address/Data 
bus. It will only become 
active if the DMA Acknowledge 
(ACK) 
input is inactive. 
It remains 
active high throughout 
the entire DMA operation. 


35 
DMA Acknowledge 
ACK 
Input. This active high signal acknowledges 
a DMA request. 
It is used to enable 
the VIEW's 
DMA mechanism. 
The system 
should 
drive ACK inactive 
low after 
DMAR 
is negated. 
The state of this signal will not affect VIEW 
operation 
unless 
DMAR 
is being driven active high. 


37 
Interrupt 
INT 
Output. 
This signal 
is driven active high when VIEW 
encounters 
an enabled 
interrupt 
causing 
condition. 
This output 
is reset by reading 
the Interrupt 
Status 
register 
or a hardware 
reset. NOTE: 
This signal should 
be connected 
to a level 
sensitive 
interrupt 
input as no edge can be guaranteed 
between 
successive 
interrupts. 
This output will be reset one full DCLK period 
after CS goes high after 
an Interrupt 
Status 
1 register 
read. 


34 
System 
Clock 
SCLK 
Input. This signal is used to generate 
all system 
DMA bus cycles. 
The rising edge 
of this signal is used by the VIEW to clock in data from the system 
memory 
during 
a DMA cycle. This signal may be "stretched" 
by the system 
to generate 
long read 
cycles. 
A minimum 
high voltage 
of 4.0V must be output 
for proper 
operation. 


29 
Address/Data 
AID 
Input. When the VIEW 
is in the peripheral 
mode, this signal selects 
whether 
a 
system 
bus access 
is to the Register 
Pointer 
Latch or to the register 
file. 


32 
Reset 
RESET 
Input. This active low signal 
puts the VIEW 
in a known, 
inactive 
state and resets 
all raster counters. 
Activating 
this input has the same effect as executing 
the 
software 
Reset command. 
The following 
VIEW signals 
will be left in the indicated 
states: 


VS 
-Input 
HS 
-Input 
VLT 
-Inactive 
Low 
CSYN 
-Inactive 
High 
CURS 
-Inactive 
Low 
RFRSH 
-Inactive 
Low 
AD15-0 
-Inputs 
DMAR 
-Inactive 
Low 
INT 
-Inactive 
Low 
CBLANK-Active 
High 


• 


Address 
Address 
SYSTEM 
PROCESSOR 
MEMORY 
VIEW 
TIMING 
Data 
(WINDOW LIST) 
Data 


ATTRIBUTES 


Address 
~ 


DISPLAY 
MEMORY 
(DISPLAY DATA) 


Data 


1 


VIDEO 
VIDEO 
SCREEN 
LOGIC 


FUNCTIONAL 
DESCRIPTION 


SYSTEM 
FUNCTIONS 


A display system based on the VIEW must have a minimum 
set of elements 
as described 
in the following 
sections. The 


block diagram 
in Figure 
1 provides 
a simple 
conceptual 


illustration 
of the interconnection 
of these elements. 
The 


sections 
below 
will define 
the purpose 
of these 
major 


elements 
and also describe 
how they interact 
with each 


other. The VIEW does not restrict the architecture 
chosen 


in any particular 
way and choices made will be determined 


by the 
overall 
system 
performance 
goals 
and 
cost 


guidelines. 


System Elements 


The six blocks shown in Figure 1 are described 
below in 


more 
detail. 
The 
interconnection 
of the blocks 
are 


depicted 
in terms 
of the address/data 
buses or other 


primary 
inputs 
or 
outputs. 
The 
details 
of 
the 


interconnection 
will 
be determined 
by the memory 


arbitration 
methods 
implemented 
and are not being 


shown here. 


a) Processor-The 
processor 
can 
be a system 


microprocessor 
(such as the 8088, 80X86, 680XO, 
etc.) that is responsible 
for all system functions 
or 


a microprocessor 
dedicated 
to handling all display 


and drawing 
related 
functions. 
The processor 
is 


responsible 
for maintaining 
the window 
list in 


system 
memory 
and the display 
data in display 


memory. 
For bit mapped 
graphics 
applications, 
overall performance 
could be improved if a special 


purpose 
coprocessor 
is added 
to 
handle 
the 


drawing related functions. 


b) Window 
List-The 
window 
list is maintained 
in 
436 


system memory 
by the processor. 
For a definition 


of the window 
list and its contents 
see the section 


on 
Screen 
Management 
below. 
The 
VIEW 


accesses 
the window list in order to determine 
the 


display 
memory 
address 
sequencing 
required 
to 


generate 
the windowing 
effect on screen. 


c) VIEW-The 
VIEW accesses data from the window 


list, processes it and stores it in internal buffers. The 
VIEW chip performs all display memory addressing 
in accordance 
with the data accessed 
from the 


window 
list. The VIEW can perform 
both window 


list and display memory access simultaneously. 
In 


addition the VIEW generates video synchronization 
signals which define the overall video format. 


d) Display 
Data-The 
VIEW 
outputs 
addresses 
to 


display 
memory 
in a sequence 
defined 
by the 


window 
list 
which 
automatically 
takes 
Into 


consideration 
the overlapping 
of windows. 
Display 


data 
is stored 
in memory 
by the 
processor 
in 


individually allocated areas for each image. Display 
data can consist 
of either 
bit-mapped 
images 
or 


ASCII-based 
character 
data. Bit-mapped 
images 


may be either single-plane 
monochrome 
or multi- 


plane color. Contention 
between the VIEW and the 


processor 
for access to display 
memory 
must be 


supported 
at the system design level. 


e) Video 
Logic-This 
block performs 
all operations 


necessary 
on the data output from display memory 


before being output as a video signal to the screen. 
If the data represents 
bit-mapped 
images 
then 


some typical operations 
might be serial-to-parallel 


conversion, 
color look-up 
and conversion 
to RGB 


output, 
and other 
shift 
operations 
that 
may be 


required to move images within a window. if the data 
represents 
ASCII characters 
in an alphanumeric 


only system 
then some 
typical 
functions 
would 


include 
a character 
generator 
and 
attributes 


controller. 
In addition the VIEW can output up to 8 


attribute 
signals which are unique to each window 


and may be used to control specific visual effects. 


f) Screen-The 
output display device can be a CRT 


or flat panel 
screen. 
The VIEW 
provides 
all the 


timing signals required to'synchronize 
the display. 


See Video Output section below for a more detailed 
description 
of these outputs. 


System Interaction 
and Timing 


In order to address 
the problem 
of memory 
contention 


between 
the processor, 
ViEW, 
system 
memory 
and 


display 
memory, 
an understanding 
of the interaction 


between 
these 
elements 
and their 
relative 
timing 
is 


important. 
Whereas 
the processor 
can access only one 


memory 
(system 
or display) 
at a time 
(unless 
two 


processors 
are used in the system design), the VIEW is 


capable 
of 
performing 
both 
memory 
accesses 


simultaneously. 
Refer to Figure 
1 while 
reading 
this 


section. 


Processor 
and system 
memory-Updates 
of the 


window list will require activity on the bus between the 
processor 
and system memory. This can occur at any 


time due to operator input or commands 
received over 


communications 
networks which are asynchronous 
to 


the screen 
refresh 
process. 
Resolving 
contention 


between 
the processor 
and the VIEW for access to 


system memory can make use of the DMA handshake 
signals 
provided 
by the VIEW 
(see the section 
on 


System Interfaces 
below) or through the use of dual 


port RAM's. 


VIEW 
and system 
memory-VIEW 
accesses 
the 


window 
list whenever 
it needs to fill its break buffers. 


This is a periodic 
process 
only with reference 
to the 


refre3h rate. During a given frame refresh the actual 
timing 
of these 
events 
is determined 
primarily 
by a 


Break Processing 
Delay parameter 
and the spacing 


and number 
of vertical 
breaks on the screen. These 


events always occur before data is needed for screen 
refresh. See the section on Break Processing 
below. 


Processor 
and display memory-As 
in the case with 


activity between 
the processor 
and system memory, 
update 
of display 
data is also driven by commands 


received 
via operator 
input or over communications 


networks. 
These 
events 
are asynchronous 
to the 


screen refresh process. Support for resolving memory 
contention 
must be implemented 
in external logic. 


VIEW and display memory-VIEW 
accesses 
display 


memory 
for the purpose 
of refreshing 
the screen 


image. 
Therefore 
this 
activity 
is 
completely 


synchronous 
with the video timing 
and is normally 


considered 
the highest 
priority 
process 
within 
the 


system. 


DISPLAY 
OUTPUT 
AND STORAGE 


The window 
list in system memory 
is used to define and 


manage windows on screen and specify the data displayed 
within 
the windows. 
The following 
sections 
describe 
the 


parameters 
used and how screens and display memory are 


organized. 
Screen Management 


The positioning and sizing of windows on a display screen 
is defined through the use of X and Y coordinates 
(0, ° 


is defined 
as the upper left corner 
of the screen). 
The 
437 


maximum 
values of these coordinates 
is determined 
by 


the screen resolution 
which is defined by the contents of 


the timing registers 
(see Operational 
Description). 
The 


absolute 
maximum 
values, 
as determined 
by the sizes 


of the coordinate 
fields in the window list, are 256 for the 


X coordinate 
and 4096 for the Y coordinate. 
Figure 2 


shows a screen with a single window in place. The actual 
location 
of a window 
on the screen 
is determined 
by a 


set of 4 coordinates. 
The left and right edges 
of the 


window are defined by XSTART and XEND coordinates 
and the top and bottom edges of the window are defined 
by YSTART and YEND coordinates. The width and height 
of the window 
is automatically 
determined 
from these 


coordinates. 
The XSTART 
and XEND coordinates 
are 


called 
horizontal 
breaks 
and the YSTART 
and YEND 


coordinates 
are called vertical 
breaks 
(see Break/Link 


Concept 
below). 
These 
coordinates 
are stored 
in the 


window 
list data 
for each 
window. 
Horizontally, 
the 


spacing of each coordinate 
is determined 
by the display 


data 
bus width, 
and vertically, 
the spacing 
of each 


coordinate 
is one pixel (see the next two sections 
on 


Display Memory 
Management 
and the Window 
List). 


Display Memory 
Management 


The images 
viewed 
through 
windows 
on the display 


screen are determined 
by a two segment 
address. This 


address 
points 
to a display 
memory 
location 
which 


represents 
the upper left hand corner of the image that 


appears 
in the 
window. 
The 
two segment 
address 


consists of an X MEMORY ADDRESS and a Y MEMORY 
ADDRESS. 
The amount of display memory 
required is 


dependent 
on the application 
and is a function 
of the 


number 
of independent 
images 
to be maintained 
in 


memory 
at the same time and the image sizes to be 


stored. The VIEW limits the X and Y addressing 
ranges 


to 8 bits and 12 bits respectively. 
Each address segment 


can be extended by 2 bits. Figure 3a shows a rectangular 
view of display 
memory 
with the unextended 
limits of 


addressing 
indicated. 
An image 
area is defined 
that 


occupies memory from addresses 
(0,0) through (X1, Y1). 


In order to determine 
what portion of this image will be 


shown 
in a window 
on the screen, 
an address 
pointer 


(X2,Y2) is defined that identifies the upper left corner of 
the image 
data to be displayed. 
This pointer 
is the X 


MEMORY 
ADDRESS 
and Y MEMORY ADDRESS 
data 


stored in the window 
list. As shown 
in Figure 3b, each 


memory location stores N bits of data which is determined 
by the display memory data bus width. 


Window List 
The window list (described 
in detail below under Window 


Management) 
contains 6 fields of information 
that define 


the relationship 
between the window on screen and the 


portion of the display memory image that is shown in the 
window. 
As described 
above, 
four 
of the fields 
are 


XSTART, XEND, YSTART 
and YEND which define lhe 


position 
and size of the window 
on screen. 
A display 


memory 
location 
(X 
MEMORY 
ADDRESS 
and 
Y 


MEMORY ADDRESS) 
is defined for the upper left corner 


of the window and all other memory locations are mapped 
in direct correlation 
to the width and height of the window. 


Figure 4 illustrates this relationship. 
The example shows 


that the location of the window on screen and the location 
of the image in memory 
are independent 
of each other. 


The VIEW uses the X MEMORY 
ADDRESS 
and the Y 


MEMORY ADDRESS 
plus the width and height (tlX, tlY) 


to determine 
the range of display memory addresses 
to 


be generated. Figure 4 assumes N =8 for the display data 
bus width which results in a screen size of 1K x 1K pixels 
and a window size of 256 x 256 pixels. 
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FIGURE 3b-DISPLAY 
MEMORY DATA 


WINDOW 
MANAGEMENT 
The window 
list is a contiguous 
set of 16 word blocks of 


memory which define all parameters 
associated 
with each 


window. A maximum 
of 127 windows 
can be defined 
in a 


given window 
list. Up to 32 independent 
window 
lists can 


be maintained 
in memory at the same time (see R16[7,3] in 


Operational 
Description 
section). 


Window 
List Contents 
Each window 
requires 
the definition 
of the following 


parameters 
(see Figure 5 for the format): 


WO: D15-D12-General 
Purpose Attribute 
Bits 


The four attribute bits, 015 thru 012, are output on the 
ATTR3 thru ATTRO pins. These signals are general 
purpose 
and are active during the time the VIEW is 


generating 
display memory addresses for the window 


to which these attributes 
are assigned. 


WO: D10-Background 
Window Tag Bit 
If this bit is set to a one, the associated 
window 
is 


displayed 
as a background 
window. 
The VIEW will 


generate the same display memory address for every 
memory access in the window. The address generated 
is that specified for the X and Y MEMORY ADDRESS 
described 
below. If this bit is set to a zero, then all 


addresses for this window are generated in the normal 
incrementing 
manner. 
WO: D9-D8-General 
Purpose 
Attribute/X 
Address 


Extension 
Bits 
Depending 
on the programming 
of R17[0] these bits 


are either General Purpose Attribute bits or X Address 
Extension 
bits. When they are programmed 
to be X 


Address Extension bits, they function as the X Memory 
Address 
MSB's 
(09 is the MSB and 08 is the LSB). 


When 
they are General 
Purpose 
Attributes, 
09 is 


output on ATTR7 and 08 is output on ATTR6. 


WO: D7-DO-X 
Memory Address 
These 
8 bits 
correspond 
to the 
X portion 
of the 


window's 
beginning 
address in display memory. 07 is 


the MSB and DO is the LSB. The actual value that is 
stored in this field depends on the type of window being 
displayed 
(normal 
or background). 
For a normal 


window a value equal to [X Memory Address-X 
Start 


Break] 
should 
b'e stored 
(see 
Figure 
4) and 
for 


background windows the value stored should be equal 
to [X Memory 
Address]. 
Note that if the X Address 


Extension 
is used, then the calculation 
should 
be 


performed 
using 
the 
10-bit 
value 
for X Memory 


Address 
and 
both 
this 
field 
and 
the 
X Address 


Extension field should be programmed 
with the result. 


Negative 
results 
should 
be 
represented 
in 2's 


complement 
form. 


W1: D13-D12-General 
Purpose 
Attribute/Y 
Address 


Extension 
Bits 
Depending 
on the programming 
of R17[1] these bits 


are either General Purpose Attribute bits or Y Address 
Extension 
bits. When they are programmed 
to be Y 


Address Extension bits, they function as the Y Memory 
Address MSB's (013 is the MSB and 012 is the LSB). 
When 
they are General 
Purpose 
Attributes, 
013 is 


output on ATTR5 and 012 is output on ATTR4. 


W1 : 011-00- 
Y Memory Address 
These 
12 bits correspond 
to the Y portion 
of the 


window's 
beginning 
address in display memory. 
011 


is the MSB and DO is the LSB. The actual value that 
is stored in this field depends 
on the type of window 


being displayed (normal or background). 
For a normal 


window a value equal to [Y Memory Address-Y 
Start 


Break] 
should 
be stored 
(see 
Figure 
4) and 
for 


background windows the value stored should be equal 


- 


XSTART = 40 


XEND = 72 


YSTART = 400 


YEND = 656 


X MEMORY ADDRESS 
= 12 


Y MEMORY 
ADDRESS 
= 100 


655 
1023 


NOTE: 1. Assume N = 8 bits, then screen size is 1024 (128 * 8) x 1024 pixels 
and window size is 256 (32 * 8) x 256 pixels. 
2. ~X and ~Yare not programmed 
values. 
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to [V Memory 
Address]. 
Note that if the V Address 
Extension 
is used, 
then the calculation 
should 
be 
performed 
using 
the 
14-bit 
value 
for V Memory 
Address 
and 
both 
this 
field 
and 
the 
V Address 
Extension field should be programmed with the result. 
Negative 
results 
should 
be 
represented 
in 2's 


complement 
form. 


W3: D14, W11: D14-Window 
Display InterruptTag 
Bit 
If this bit is a one, the VIEW will generate an interrupt 
(if enabled) during the blanking interval preceding the 
scan line defined as the VSTART break or the VEND 
break. W3:D14 provides an interrupt prior to the start 
of a window 
on screen 
and W11 :D14 provides 
an 


interrupt 
after the end of a window on screen. 


W3: 
D11-DO, 
W11: 
D11-DO-V 
Start/End 
Break 
Coordinate 
This 12-bit value defines 
a vertical coordinate 
which 
corresponds 
to the scan line on which a window starts 
or ends on screen. W3: D11-DO points to the start of 
a window 
(VSTART 
= 400 in Figure 4), while W11: 


D11-DO points to the scan line after the end of a window 
(VEND 
= 656 in Figure 4). D11 is the MSB and DO is 
the LSB. The first break at the top of the screen is OOH 
and 
the 
last 
is FFFH 
(assuming 
the 
full 
12 bit 
coordinate 
range is used). With a maximum 
value of 
FFFH, the last displayable 
scan line for a window on 
screen would be FFEH. 


W4: 014-08, W6: 014-08, W12: 014-08, W14: 014-08- 
Window Number 
This 7-bit value corresponds 
to the break's 
window 
number and represents 
an offset into the full window 


list at which 
all data relating 
to this window 
can be 


found. 014 is the MSB and 08 is the LSB. The contents 
of these 
four fields 
should 
be the same. 
Window 
number 
OOH is reserved. 
See the section 
entitled 
Window List Addressing 
for more details. 


W4: 04-00, 
W12: 04-00-Priority 
This 
5-bit 
value 
represents 
this window's 
priority 


relative to the other windows. 
This value is used by 


VIEW 
to resolve 
which 
of two or more overlapping 
windows 
will 
be 
displayed 
on 
a coordinate 
by 


coordinate 
basis. 
The contents 
of these 
two fields 
should be the same. 04 is the MSB and 00 is the LSB. 
NOTE: Two windows 
with the same priority 
cannot 
exist 
on the 
same 
scan 
line. 
This 
presents 
the 


restriction that no more than 32 windows can overlap. 


W5: 015-08, W7: 015-08, W13: 015-08, W15: 015-08- 
Backward 
Link 
This 8-bit value (marked by X's in Figure 5) is not used 
by the VIEW and therefore could be used by the system 
software for the purpose of defining a Backward Link. 
The format of this parameter 
could be similar to that 
of the XlV Link and Start/End Tag parameters 
defined 
below (8 bits are reserved) or any other format dictated 
by the system software. 
These 
bits are reserved 
for 


this purpose 
and future versions 
of the VIEW will not 


make use of them. 


W5: 07-01, 
W7: 07-01, 
W13: 07-01, 
W15: 07-01-Xl 


V Link 


This 
7-bit 
value 
is a pointer 
to the 
next break 
in 
ascending 
coordinate 
sequence. 
The X/V link is 


actually a window 
number which represents 
the next 


window 
encountered 
when sequencing 
through 
the 
windows 
along the coordinate 
axis. This value when 


combined 
with 
the 
associated 
Start/End 
Tag bit 


uniquely 
identifies the next break. 07 is the MSB and 
01 is the LSB. See section on Break/Link 
Concept for 
more detail. 


W5: 00, W7: 00, W13: 00, W15: OO-Start/End 
Tag Bit 


This one bit value indicates whether the window break 
defined 
in the associated 
XlV Link is the start or the 
end of the window. A value of "1" indicates the end of 
a window and a value of "0" indicates the start of the 
window. 
W6: 07-00, W14: 07-00-X 
Start/End Break Coordinate 


This 8-bit value defines a horizontal coordinate 
which 


corresponds 
to the column at which a window starts 
or ends on screen. W6: 07-00 
points to the start of a 
window 
(XSTART 
= 40 in Figure 4) while W14: 07- 
00 
points 
to the memory 
word after the end of a 
window (XENO = 72 in Figure 4).07 
is the MSB and 
00 is the LSB. The first break at the left of the screen 


is OOHand the last is FFH. With a maximum 
value of 


FFH, the last displayable 
memory word for a window 


on screen would be FEH. 


NOTE: The contents 
of words W2, W8, W9 and W10 are 


not used by the VIEW and may be utilized by the system 
processor 
to store other window 
related information. 


Break/Link 
Concept 
The VIEW accesses the window list in order to determine 
the exact sequence 
of display memory addresses 
to be 


generated 
to create 
the desired 
windowing 
effect 
on 


screen. 
The VIEW 
makes 
use of both break and link 


information 
contained 
in the window 
list in order 
to 


traverse 
the list in the correct sequence. 
As the VIEW 


traverses the list, it checks the priority and location of each 
window to determine whether it is active for a given region 
of the screen. 
A region is defined 
as that portion 
of a 


screen 
between 
two vertical 
breaks. 
For each active 


window 
the VIEW 
accesses 
the address 
information 


found in the window list, performs 
calculations 
on it and 


stores 
it in one of three 
internal 
break 
buffers. 
The 


contents 
of the 
break 
buffers 
are 
then 
accessed 


sequentially 
to generate the display memory addresses 


required during the screen refresh period. 


Breaks-Breaks 
are the screen 
coordinates, 
both 


vertical and horizontal, 
at which windows start or end. 


Figure 6 provides 
an illustration. 
Four windows 
are 


shown with the X START and ENO COOROINATES 
(horizontal 
breaks) 
identified 
at the top-O, 
5, 9, 23, 


35, 
42, 
60 
and 
100. 
The 
V 
START 
and 
ENO 


COOROINATES 
(vertical breaks) are identified at the 


left-O, 
70, 130,290, 
360, 440, 500. 


Links-When 
processing 
the window 
list, the VIEW 


makes use of a series of pointers that link the breaks 
together 
in sequential 
order. The window list contains 


two linked lists-one 
for vertical 
breaks and one for 


horizontal 
breaks. 
The link parameter 
contains 
two 


data 
items-a 
window 
number 
and a tag bit. The 
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WINDOW 
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4E 
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window 
number 
identifies 
which 
window 
is 
encountered 
next when 
sequencing 
through 
the 
breaks. The tag bit identifies whether it is the start ("S") 
or end ("E") 
of the window. 
(See the section 
under 
Window 
List Contents 
for a definition 
of these data 


items.) 
Figure 7 lists all the breaks and links for the 
example 
shown 
in Figure 6. End breaks in Figure 6 


represent 
actual coordinates 
of last scan line or last 
display memory word for each window while in Figure 
7 each end break value stored in the window list is one 
more 
than 
defined 
in Figure 
6. The VIEW 
starts 
processing breaks at the upper left corner of the screen 
(see Break Processing 
below), which in this example 


is window 
4. The following 
list describes 
the breaks 
and links along the horizontal 
axis for this example. 
• Break "O"-Coordinate 
for start of window 4. 
• Link "2S"-Pointer 
to the start of window 2. 


• Break "5" -Coordinate 
for start of window 2. 
• Link "1S"-Pointer 
to the start of window 1. 
• Break "g"-Coordinate 
for start of window 
1. 


130 


VERTICAL 
BREAKS 


290 


• Link "2E"-Pointer 
to the end of window 2. 
• Break "24"-Coordinate 
for end of window 2. 
• Link "3S;'-Pointer 
to the start of window 3. 
• Break "35"-Coordinate 
for start of window 3. 
• Link "1 E"-Pointer 
to the end of window 
1. 


• Break "43"-Coordinate 
for end of window 
1. 


• Link "3E"-Pointer 
to the end of window 3. 


• Break "61 "-Coordinate 
for end of window 3. 


• Link "4E"-Pointer 
to the end of window 4. 
• Break "101 "-Coordinate 
for end of window 4. 


• Link "00" -Terminator 
for end of horizontal breaks. 
As shown, a special link, or terminator, 
equal to "00" 


is used to indicate the last break in the sequence. 
A 
similar 
sequence 
exists for the vertical 
breaks. 
The 
VIEW 
uses 
the two 
independently 
linked 
lists to 
perform 
the break processing 
described 
in the next 


section. 
It is the 
responsibility 
of 
the 
window 


management 
software 
to create and maintain 
these 


links 
in the window 
list in system 
memory 
when 


manipulating 
windows on screen. 
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Break Processing 


For each screen refresh, the VIEW accesses the window 
list by reading 
all vertical 
breaks for each region of the 
screen 
(more 
than 
one vertical 
break 
in a region 
is 


possible 
if multiple 
windows 
either end or start on the 
same scan line) and then reading all horizontal 
breaks. 


When reading the horizontal breaks, the VIEW processes 
the address 
and attribute 
data for each active window 


and stores this data in the next available break buffer. 


Figure 8 and 9 will be used to illustrate this process. Figure 
8 repeats the same screen layout as shown in Figure 6 
and adds four columns 
which 
identify 
the region, 
the 


range of Y coordinates 
for that region, active windows in 
that region, and the break buffer used to store data for 
that region. Figure 9 illustrates 
the timing of the window 
list accesses 
and the break buffer activity 
for a single 


frame refresh period. 


During a given frame refresh, the Last Break Processed 
interrupt will occur when the vertical break for the end of 
the screen is processed 
<V.At this time the VIEW will not 


attempt 
to start 
break 
processing 
for the next frame 
refresh until after the Start Delay (see R10[5,0]) timeout 
has terminated ®. This timeout may occur before or after 
the start of vertical retrace and is strictly a function of the 
Start 
Delay 
parameter 
and 
when 
the 
Last 
break 


Processed 
interrupt 
occurs. 
This delay allows time for 


the processor 
to manipulate 
the window list. At this time 


the VIEW 
will 
request 
access 
to the system 
bus by 


activating 
the DMAR 
signal. 
When 
the ACK signal 
is 


activated, 
the VIEW 
will process 
the first four vertical 


breaks 
which 
provides 
all the data needed 
to refresh 


these regions on screen ®. When frame refresh starts, 
the VIEW will make use of the data in break buffer 1 to 
refresh the first region on screen @. At the completion 
of 


this period, the contents 
of break buffer 1 are no longer 


needed and the VI EW processes 
the next vertical break 


(between vertical coordinates 
29 and 36-region 
4). The 


data for refreshing 
region 4 is now placed in break buffer 


1 ®. Similarly, at the completion 
of the refresh of regions 


2,3 and 4, break buffers 2, 3 and 1 become available and 
the VIEW processes 
the breaks for regions 5 and 6 and 


stores 
this 
data 
in break 
buffers 
2 and 3 and then 


processes 
the last break, represented 
by the Y break at 


coordinate 500 (no break buffer is required in this case) ®. 
Once 
again 
the VIEW 
will generate 
the Last 
Break 
Processed 
interrupt 
and 
the 
entire 
cycle 
will 
start 


again 0. 


Figure 9 also shows the amount 
of time that the VIEW 


takes 
to perform 
the break 
processing. 
This time 
is 


measured in SCLK's. The formula to calculate this timing 
is as follows- 


8W + 3Y + 4 


where 
W = Number 
of total 
windows 
(for the 
example 
in Figure 6, W would equal 
4 for all regions). 
Y 
= Number 
of vertical 
breaks 
with the 
same break coordinate 
(start or end) 
for a given region. For the example in 
Figure 6, Y equals 1 for regions 1, 2, 
3, 4, 6 and Y equals 
2 for region 5. 


Y = 2 for region 5 because windows 
2 and 3 end on the same scan line 
(same Y break coordinate). 
Three special conditions 
exist with respect to the above 


calcuation- 


1) If the break being processed is the final break (break 


which represents 
the last scan line on the screen), 


442 


then the formula 
is modified 
as follows- 


3Y + 7 
2) If the break being processed is the first break (break 


which represents the first scan line on the screen- 
Region 
1 in the example), 
then 
the formula 
is 


modified as follows- 


8W + 3Y + 9 


3) If the break being processed 
is the first break after 


the VIEW has been given a Start command, 
then 


an additional 
2 SCLK's 
should 
be added 
to the 


result. 


Window 
List Addressing 


As indicated 
above, 
each 
window 
is defined 
by the 


parameters 
stored in a 16 word block of system memory. 


In addition to the 127 blocks of system memory required 
to define all possible windows (numbered 1 through 127), 
there is also a block reserved for window # 0 that serves 
a special purpose. When the VIEW processes breaks for 
the next frame refresh, it starts with the block that defines 
the first window to be encountered at the upper left corner 
of the screen. The pointerto 
that block is found in the first 


two words of the block for window # O. Figure 10 shows 
the contents of this special block of data. The LSB of the 
first word identifies 
the X START 
LINK and S/E tag bit 


and the LSB of the second word identifies the Y START 
LINK and S/E tag bit. All other bits in this block of memory 
should 
be reset. These two link parameters 
define the 


entry points to the linked lists for vertical and horizontal 
breaks. 


The address 
generated 
by the VIEW for accessing 
the 


window 
list consists 
of three segments 
(see Figure 11). 


The 5 MSB's 
(AD15-11) 
are defined 
by the contents 
of 


the Window List Start Address found in register (R16[7,3]). 
This base address allows the VIEW to access up to 32 
independent 
window 
lists. The next 7 bits (AD10-4) are 


defined by the specific window number which is included 
in the data accessed 
from the window 
list. The 4 LSB's 
(AD3-0) 
are the offset 
within 
each window 
list which 


points to a specific data item. 


SYSTEM 
INTERFACES 
System Memory 


The VIEW 
operates 
in two modes-peripheral 
and 


master. Following a hardware RESET or a software Reset 
command, 
the VIEW will be in peripheral 
mode. In this 


mode, 
the processor 
can access 
the-'yIEW's 
internal 


registers 
by means of the CS and R/W inputs. After a 


Start command, 
the VIEW will begin to generate 
DMA 


requests. When it receives a DMA acknowledge 
from the 


processor, the VIEW will operate in bus master mode (see 
Figure 
12). In this mode, 
the VIEW 
will use its DMA 


circuitry 
to request the use of the system bus from the 


permanent 
master (typically the system processor) when 


it needs to fill its break buffers. When the VIEW disables 
its DMA request, 
it will again revert to peripheral 
mode 
(see Figure 13). Table 1 defines the activity on the System 
Address/Data 
Bus for the control signal states shown. 


After processing 
the last break for a given frame refresh, 


the VIEW will wait the period of time specified in the Start 
Delay register before it starts to access system memory 
again. After this time, the VIEW will start to load the break 
buffers for the first break of the next frame refresh. This 
feature 
prevents 
system memory 
access conflicts 
as it 


provides the processor 
with a window of programmable 


length in which it can address the VIEW as a peripheral, 
disable the VIEW's DMA mechanism, 
access the internal 


registers and access the window list in system memory. 


ADDRESS 
WINDOW 4> DATA 
15 
14 
13 
12 
11 
10 
9 ~I7 


6 
5 
4 
3 
2 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
X START LINK 
ISIEI' 


1 
0 
0 
0 
0 
0 
0 
0 
Y START LINK 
ISIEI' 


2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


7 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
FIGURE 10-WINDOW 
<l> CONTENTS 


NOTE: I Both SIE tag bits should be set equal to zero because the first window boundaries 
encountered will always be the start of a window. 


AD15. 
• AD11 I AD10. 
• AD41 
AD3-AD0 
WINDOW LIST START 
WINDOW NUMBER 
LIST DATA 
ADDRESS 
POINTER 
I 


~D XXXXX 
'&\XX'lYX 
XX 


cs 
\ __ 
1 
\__ 
/ 


AD7·Q =-=x 
xxxxxxx 


MASTER MODE: 


SCLK 
~ 
\ 
/ 


AEN -.-I 
\ 
1 


AD1S·Q ==:>< 


ADDRESS 
OUT 
X 


DATA IN 
X 


ADDRESS 


I• 
ONE DMA CYCLE 
• I 


The VIEW 
will tri-state 
its System 
Address/Data 
bus 


(AD15-0) when it is not performing a DMA cycle and when 
it is not selected 
(CS in its inactive 
state) for register 
access. 
The 
processor 
can 
also 
disable 
the 
DMA 
mechanism 
by issuing a STOP command. 
In .this case 


the VIEW will not access system memory 
again until a 
START 
command 
is issued. 
However, 
the VIEW 
will 
continue 
to refresh 
the display 
memory 
if transparent 


refresh is enabled. 


Display Memory 
The VIEW addresses 
display memory 
as a rectangular 
memory 
space with a two segment 
address-8 
bits for 


the horizontal 
range (HDA7-0) and 12 bits for the vertical 
range (VDA11-0). 
Each segment 
can be independently 
extended by two bits (see description of General Purpose 
Attribute 
Bits below). The logic required to support 
the 
RAS/CAS 
address 
generation 
(required 
when using 
DRAM's) and to arbitrate display memory accesses must 
be implemented 
externally. 


AD15·0 X X INPUT 


PERIPHERAL 
MODE 


If display memory 
is imple,mented 
using DRAM's, 
then 


the VIEW supports 
the refresh of memory 
through 
the 


use of an internal twelve bit binary counter. The outputs 
of this counter 
are used to drive the Vertical 
Display 


Memory Address bus (VDA11-0) during the portion of the 
horizontal period in which the video is blanked (when VLT 
is low). The counter 
is incremented 
by the DCLK signal 


the number 
of times specified 
by the Memory 
Refresh 


Count register 
during each horizontal 
blanking 
interval 


(for the entire vertical period). The counter is set to zero 
(counting 
is inhibited) 
by a software 
Reset command 
or 


a hardware RESET. The counter can also be disabled 
at 


any time by setting the Memory 
Refresh Count register 


to zero. The counter will not initiate the counting sequence 
until the VIEW 
receives 
a Start command. 
The VIEW 


drives the RFRSH 
output active high when it is driving 


the 
VDA11-0 
bus with 
the 
counter 
output. 
To take 


advantage 
of the VIEW's 
refresh function, 
the VDA11-0 


bits should be used for the DRAM row address. 


MODE 
RlW' 
CS' 
ADR 
DMAR 
ACK 
AEN 
AD15 - AD8 
AD? - ADO 


PERIPHERAL 
1 
a 
a 
a 
x 
x 
X 
READ REG FILE 
PERIPHERAL 
1 
a 
1 
a 
x 
x 
X 
READ REG paiN 
PERIPHERAL 
a 
a 
a 
a 
x 
x 
X 
WRITE REG FILE 
PERIPHERAL 
0 
0 
1 
0 
X 
X 
X 
WRITE REG paiN 
PERIPHERAL 
1 
0 
0 
x 
0 
x 
X 
READ REG FILE 
PERIPHERAL 
1 
0 
1 
X 
0 
X 
X 
READ REG paiN 
PERIPHERAL 
0 
0 
0 
x 
0 
x 
X 
WRITE REG FILE 
PERIPHERAL 
0 
0 
1 
X 
0 
X 
X 
WRITE REG paiN 
PERIPHERAL 
x 
1 
X 
0 
X 
X 
HIGH IMPEDANCE (INPUT) STATE 


PERIPHERAL 
X 
1 
X 
X 
0 
X 
HIGH IMPEDANCE (INPUT) STATE 


MASTER 
X 
1 
X 
1 
1 
0 
HIGH IMPEDANCE (INPUT) STATE 


MASTER 
X 
1 
X 
1 
1 
1 
DMA ADDRESS (OUTPUT) 


SYSTEM ADDRESS/DATA 
BUS 
TABLE 1 


Video Output 


Cursor Control 


The VIEW provides a cursor output (CURS-pin 
36) 


with 
separate 
programmable 
X and 
Y start 
and 


duration values. The cursor output will become active 
when the value programmed 
in the Horizontal Cursor 


Position 
register 
is equal to the X component 
of the 


raster 
counter 
and the value 
programmed 
in the 


Vertical 
Cursor 
Position 
register 
is equal 
to the Y 


component 
of the raster counter. It will remain active 


for the number 
of DCLK 
periods 
specified 
in the 


Horizontal 
Cursor 
Duration 
register before returning 


to its inactive state. The cursor output's 
action will be 


repeated on the scan lines following the one specified 
in the Vertical Cursor Position register for the number 
of scan lines specified 
in the Vertical Cursor Duration 


register. 


As the Horizontal and Vertical Cursor Position registers 
are changed, 
the information 
read from the Interrupt 


Status register will indicate in which window the cursor 
resides. This is determined by the location of the upper 
left corner 
of the cursor 
block 
as specified 
in the 


Horizontal 
and Vertical 
Cursor 
Position 
registers. 
If 


the 
cursor 
position 
registers 
place 
the 
cursor 


simultaneously 
in two or more overlapping 
windows, 
the status will report it as being in the window with the 
highest priority. 


Window Attributes 


Unique attributes 
can be specified 
for each window. 


Two types 
of attributes 
are used internally 
by the 


VIEW-the 
window 
interrupt 
tag 
bits 
and 
a 


background 
window 
tag bit. There 
are also eight 


general 
purpose 
attribute 
bits. All of these 
bits are 


accessed 
by the VIEW during break processing 
and 


stored internally 
in break buffers. 


Window 
Interrupt Tag Bits 


Two interrupt tag bits are assigned to each window. 
When either of these bits are set and the Y Break 
Interrupt 
Enable bit (R17[4J) is set, an appropriate 


interrupt will be generated 
by the VIEW during the 


horizontal 
retrace 
period. 
The tag bit associated 


with the Y Start break will cause an interrupt to be 
generated during the horizontal retrace period prior 
to the first scan 
line of the window. 
The tag bit 


associated 
with the Y End Break will cause 
an 


interrupt 
to be generated 
during 
the horizontal 


retrace 
period 
following 
the last scan 
line of the 


window. 
The 
timing 
of 
these 
interrupts 
is 


independent 
of whether 
the first or last scan lines 


of the window 
are obscured 
by a higher 
priority 


window. 
See discussion 
of R17[4) 
in Register 


Descriptions 
section and W3: D14 and W11 : D14 in 


the Window List section. 


Background 
Window Tag Bit 


See description 
of this bit (WO: D10) in the section 


on the Window List. 


General Purpose Attribute 
Bits 


The eight 
general 
purpose 
attribute 
bits do not 


affect the internal operations 
of the VIEW, however 


they are read and output 
on the ATTR7-0 
pins 


during 
the time the VIEW 
is generating 
display 


memory 
addresses 
associated 
with that window. 


The functionality 
of four of the eight attribute 
bits 


can be programmed 
by the Attribute 
Select bits in 


R17[1,O) 
(see 
Register 
Descriptions 
section). 


Independently, 
two of the bits can be programmed 


to extend the Horizontal 
Display Memory Address 


and the other two can be programmed 
to extend 


the Vertical Display Memory Address. 


Horizontal 
and Vertical Sync 


The horizontal and vertical synchronization 
outputs are 


programmable 
with respect to their pulse width and 


position 
relative to the horizontal 
and vertical visible 


display times. See Figure 14 for typical waveforms 
in 


interlaced 
and non-interlaced 
modes. They can also 


be configured 
so as to allow external signals to initiate 


horizontal 
and vertical 
retrace cycles. 
If the external 


horizontal sync is enabled and an external signal drives 
the AS input low, the VIEW will initiate 
a horizontal 


retrace cycle on the leading edge of the second DCLK 
pulse following AS going low. This will lock the VIEW's 
horizontal 
frequency 
to that of the external 
signal. 
If 


the external vertical sync is enabled 
and an external 


signal drives the VS input low, the VIEW will initiate a 
vertical retrace cycle on the leading edge of the next 
AS pulse. This will lock the VIEW's vertical frequency 
to that of the external 
signal. When external 
sync is 


enabled, 
the vertical and horizontal 
periods 
must be 


programmed 
to be the same 
as the master 
sync 


generator. Note that it is possible for the first frame to 
be out of sync in interlace 
mode. 


I 


PAOG 


HSYNC 


WIDTH 
-'- 2 


3,SCAN 
LINES 
BEFORE 
VS 'I 
~ 
3 SCAN 
LINES 
AFTER 
VS 
PROG 
VSYNC 
WIDTH 
I 


~~g {~ 
INTERLACED 
_VS----------~~ 
_ 


HS 


NON. 
{CYSN 
INTERLACED 
_VS----------'- 
_ 


OPERATIONAL 
DESCRIPTION 
REGISTER ACCESSIBILITY 


Figures 16 and 17 illustrate the bit layout of all addressable 
registers within the VIEW. Access to these registers takes 
place over the System Address/Data 
Bus (AD15-0). Specific 
registers 
are selected 
for reading and writing by means of 
a Register 
Pointer 
Latch. 
Data transfers 
to and from the 
registers takes place over the 8 LSB's of the address/data 
bus (AD7-ADO, see Table 1). Control over the access to both 
RO 
the register§. andJ!:)e Re~r 
Pointer Latch is accomplished 
via the A/D, 
R/W and CS inputs 
(see Table 2). These 
R1 
registers 
should 
not be accessed 
during 
a DMA cycle 


(DMAR and ACK both active). 
R2 


R3 


R4 


R5 


R6 


R7 


R8 


R9 


R10 


NO 
R/W 
FUNCTION 


0 
0 
Write to register in register file 
0 
1 
Read register in register file 


1 
0 
Write to Register Pointer Latch 
1 
1 
Read from Register Pointer Latch 
TABLE 2-ACCESS 
TO VIEW REGISTERS 


The Register Pointer Latch is 8 bits wide (Fig. 15). The five 
LSB's 
are used to select the desired 
register. The three 
MSB's are used to initiate Start, Stop and Reset commands 
via software. 
The allowable combinations 
of bit settings for 
the Register Pointer Latch are shown in Fig. 15. 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


RESET 
STOP 
START 
REGISTER 
NUMBER 
FUNCTION 


1 
0 
0 
X 
X 
X 
X 
X 
RESET 
0 
1 
0 
X 
X 
X 
X 
X 
STOP 
0 
0 
1 
X 
X 
X 
X 
X 
START 
0 
0 
0 
-N-- 
ACCESS 
REGISTER 
N 


X-Don't 
care 
N-Register 
address 
FIGURE 15-REGISTER 
POINTER LATCH 


Executing one of the three commands 
requires the exclusive 
setting of one of the three MSB's. When accessing a register 
all three MSB's must be reset. Execution of the commands 
causes the following 
actions to take place: 


RESET: 
Writing this command 
will cause the VIEW to 
respond 
exactly as though the Reset pin was 
strobed. All raster counters will be reset and the 
siQllals 
listed 
below 
will be left in the states 
indicated: 


VS 
-Input 
HS 
-Input 
VLT 
-Inactive 
Low 
CSYN 
-Inactive 
High 
CURS 
-Inactive 
Low 
RFRSH 
-Inactive 
Low 
AD15-0 
-Inputs 
DMAR 
-Inactive 
Low 
INT 
-Inactive 
Low 
CBLANK-Active 
High 


STOP: Writing 
this command 
will cause 
the VIEW 
to 
pisable 
its DMA circuitry 
and drive its CBLANK 
signal 
active high. The VIEW will not initiate a 
DMA request again or drive the System Address/ 
Data bus until it receives a new Start command. 
Horizontal 
and vertical 
sync generation 
will not 
be affected. 


START: Writing this command 
will cause the VIEW to 
initiate its internal operations by starting its raster 
counters 
and filling its break buffers. The VIEW 
always generates 
even field raster addresses 
following 
a Reset command. 


NOTE: 
A minimum 
delay 
of 4 full SCLK 


periods is required between a Stop, Start, or 
Reset command 
or a hardware 
Reset and 
writing 
to the VIEW 
registers. 
The clock 


periods 
are counted 
starting 
with the first 


rising edge of SCLK following the rising edge 
ofCS. 


D7 
I 
D6 
1 
D5 
1 D4 
1 D3 
1 
D2 
I 
D1 I 
DO 


HORIZONTAL 
CYCLE 
MSB'S 


HOR CYI 
HORIZONTAL 
SYNC 
WIDTH 
LSB 


INTER I 
HORIZONTAL 
DELAY 
MODE 


HORIZONTAL 
VISIBLE 


VERTICAL 
CYCLE 
LSB'S 
ISCAN I EXT SYNC 
MODE 
ENABLE 


VERTICAL 
CYCLE 
MSB'S 


VERTICAL 
SYNC 
WIDTH 


VERTICAL 
DELAY 


VERTICAL 
VISIBLE 
LSB'S 


VERTICAL 
VISIBLE 
MSB'S 
IMEMORY 
REFRESH 
COUNT 


BLANK 
SKEWI 
START 
DELAY 


IV CURl 
CURS 
SKEW 
DUR 
HORIZ CURSOR 
DURATION 


MSB 


VERTICAL 
CURSOR 
DURATION 
LSB'S 


HORIZONTAL 
CURSOR 
POSITION 


VERT CURSOR 
POS MSB'S I 


VERTICAL 
CURSOR 
POSITION 
LSB'S 


WINDOW 
LIST START ADDRESS 
I 
0 
1 
0 
1 
0 


INTERRUPT 
ENABLE 
1 ATIRSEL 


RR17 


RR18 


RR13 


RR14 


RR15 


D7 
1 
D6 
I 
D5104ID31 
D2 
I 
D1 I 
DO 


INTERRUPT 
STATUS 1 


INTERRUPT 
STATUS 2 


HORIZONTAL 
CURSOR 
POSITION 


VERT CURSOR 
POS MSB'S 
I 


VERTICAL 
CURSOR 
POSITION 
LSB'S 


FIGURE 17-VIEW 
REGISTERS (READ) 


REGISTER DESCRIPTIONS 


HORIZONTAL 
TIMING- 


HORIZONTAL 
CYCLE (9 Bits-RO[7,O], 
R1[7J)-Write 


only. 


Defines 
the horizontal 
period 
length 
(visible 
and 


blanking time). This field should be programmed 
with 


the 
total 
number 
of DCLK 
periods 
in the 
entire 


horizontal 
period 
minus 
four times 
the number 
of 


DCLK periods specified for the Horizontal Sync Width 
(see Figure 18). 


HORIZONTAL 
SYNC WIDTH 
(7 Bits-R1 
[6,OJ)-Write 


only. 
Defines 
the duration 
of the Horizontal 
Sync signal 


(HS). 
This 
field 
should 
be programmed 
with 
the 


number of DCLK periods that compose the horizontal 
synchronization 
pulse (see Figure 18). The minimum 


value is 3. 


HORIZONTAL 
DELAY 
(7 Bits-R2[6,OJ)-Write 
only. 


Defines the delay between the start of the Horizontal 
Sync signal and the start of the next visible scan line. 
This field should be programmed 
with N - 3 where N 


is the number of DCLK periods between the beginning 


of the HS signal and the leading edge of the VLT signal. 
If this 
register 
is programmed 
with a value that 
is 
greater 
then 
the 
horizontal 
blank 
interval, 
the 
horizontal 
sync pulse will begin before the horizontal 
blank interval yielding 
a negative 
"front porch" 
(see 
Figure 18). The minimum 
value is 1. 


HORIZONTAL 
VISIBLE 
(8 Bits-R3[7,O])-Write 
only. 


Defines 
the length of the visible 
portion 
of the total 
horizontal 
period. 
This field should 
be programmed 
with N - 1 where N is the number of DCLK periods that 
the display is not blanked during the horizontal period 
(see Figure 18). 


NOTE: 
VIEW 
requires 
that the display 
must be 
blanked 
a minimum 
of 11 DCLK periods 
(interlaced 
display) 
or 7 DCLK 
periods 
(non interlaced 
display) 
in a Horizontal 
Cycle. 


VERTICAL 
TIMING- 


VERTICAL 
CYCLE 
(13 Bits-R5[7,O], 
R4[7,3])-Write 
only. 


Defines the vertical period length (visible and blanking 


time). This field should be programmed with 6 less than 
the total number of scan lines in the total vertical period 
(see Figure 19). 


VERTICAL 
SYNC WIDTH (8 Bits-R6[7,O])-Write 
only. 


Defines the duration 
of the Vertical Sync signal (VS). 


This field should be programmed 
with the number of 


horizontal 
periods 
(scan 
lines) 
that compose 
the 


vertical synchronization 
pulse (see Figure 19). 


VERTICAL 
DELAY (8 Bits-R7[7,O])-Write 
only. 
Defines the delay between the beginning of the Vertical 
Sync 
signal 
and the end of the vertical 
blanking 
interval. This field should be programmed 
with N - 2 


where 
N is the number 
of horizontal 
periods 
(scan 


lines) between the beginning of VS and the falling edge 
of vertical blanking 
(see Figure 19). 


VERTICAL 
VISIBLE 
(12 Bits-R9[7,4], 
R8[7,O])-Write 


only. 
Defines 
the length of the visible 
portion 
of the total 


vertical period. This field should be programmed 
with 
N - 1 where 
N is the number 
of horizontal 
periods 


(scan lines) that the display is not blanked during the 
vertical period (see Figure 19). 


1 SCAN LINE 
~ 
HORIZONTAL CYCLE ------.-1 


I.••• 
f----- 
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1'---_1 
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I 
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·1 
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---------,I~_----'I 
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I 


NOTE: 1.This value is not programmed, however it can be calculated from the other programmed parameters. 


FIGURE 18-VIEW HORIZONTAL 
TIMING 
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1"'":>--------- VERTICAL CYCLE 
·1 
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NOTE: 1. This signal not available externally. 


2. This value is not pro9rammed, however it can be calculated from the other programmed parameters. 


FIGURE 19-VIEW VERTICAL TIMING 


L-LSKEW 
PROGRAMMED 
I 
I 


BLANK L 


CURSOR 
CONTROL,- 


HORIZONTAL 
CURSOR 
DURATION 
(5 
Bits- 
R11[4,O])-Write 
only. 


Defines 
the active time per scan line of the Cursor 


(CURS) 
output 
pulse. 
This 
field 
should 
be 
programmed 
with the number 
of DCLK periods that 
the output 
is active high. The specific 
scan lines on 
which the CURS signal will be activated is determined 
by the contents 
of the Vertical 
Cursor 
Duration 
and 
Position fields. This parameter defines the width of the 
cursor rectangle 
on the screen. 


VERTICAL 
CURSOR 
DURATION 
(9 Bits-R11[5], 


R12[7,0])-Write 
only. 


Defines the active time per vertical period of the Cursor 
(CURS) 
output 
pulse. 
This 
field 
should 
be 


programmed 
with the number 
of scan lines that the 
output is active high. This parameter 
determines 
the 
height of the cursor rectangle on the screen. 


HORIZONTAL 
CURSOR 
POSITION 
(8 Bits-R13[7,0], 


RR 13[7,0])-ReadlWrite. 


Defines the absolute 
horizontal 
coordinate 
relative to 


the visible 
portion 
of the screen 
when the Cursor 


(CURS) output will go active high. This field should be 
programmed 
with the X coordinate 
of the upper left 


corner of ttw cursor rectangle. 


VERTICAL 
CURSOR 
POSITION 
(12 Bits-R14[7,4], 


R15[7,O], RR14[7,4], RR15[7,O])-Read/Write. 
Defines the absolute vertical coordinate 
relative to the 
visible portion of the screen when the Cursor (CURS) 
output 
will 
go active 
high. 
This 
field 
should 
be 
programmed 
with the Y coordinate 
of the upper left 
corner of the cursor rectangle. 


CURSOR 
SKEW (2 Bits-R11 
[7,6])-Write 
Only. 


These 
bits define the number of DCLK periods that 


the CURS output signal is delayed (skewed) from the 
Display Memory Address corresponding 
to the cursor 
position. 
If zero skew is specified, 
the CURS output 
will be active when the VIEW generates the addresses 
in direct relation to the cursor position. The maximum 
cursor skew is three. 


MISCELLANEOUS 
CONTROL- 


BLANKING 
SKEW (2 Bits-R10[7,6])-Write 
only. 


These 
bits define the number 
of DCLK periods that 


the horizontal blank component of the CBLANK signal 
is delayed 
(skewed) from the VLT signal as shown in 


Figure 20b. If, as shown in Figure 20a, zero skew is 
specified, 
the edges of the horizontal 
component 
of 


CBLANK 
will coincide 
with the edges 
of VLT. The 


maximum 
blanking skew is three. 


WINDOW 
LIST START ADDRESS 
(5 Bits-R16[7,3])- 
Write only. 


Defines the 5 MSB's of the memory address generated 
by the VIEW 
to access 
the Window 
List in system 


memory. 
This 
base 
address 
allows 
the VIEW 
to 


maintain up to 32 Window Lists in memory at the same 
time. 


SCAN MODE (1 Bit-R4[2])-Write 
only. 
Defines which scan mode will be used by the VIEW 
for generation 
of timing signals and Display Memory 


Addresses. 
If this bit is reset then non-interlaced 
mode 


(even and odd scan lines displayed sequentially in one 
field) will be used and if set then the interlaced 
mode 


(see Interlace Mode register) will be used. 


INTERLACE 
MODE (1 Bit-R2[7])-Write 
only. 


Defines which interlace 
mode will be used when the 


Scan 
Mode 
bit is set (R4[2] = 1). If this bit is reset 


(R2[7] =0) then the normal interlaced mode is enabled 
which will cause the odd scan lines to be displayed 
in 


odd fields and even scan lines to be displayed 
in even 


fields. 
If this bit is set (R2[7] = 1) then the enhanced 


interlace 
mode is enabled 
which will cause the even 


and odd scan lines to be repeated on successive 
scan 


lines for both even and odd fields. 


EXTERNAL 
SYNC 
ENABLE 
(2 Bits-R4[1,0])-Write 


only. 


Defines whether sync outputs are generated internally 
or triggered 
by external 
signals. 
R4[1] defines 
the 


source of the Vertical Sync signal (R4[1] =0 - 
internal, 


R4[1] = 1 - 
external). 
R4[0] defines the source of the 


Horizontal Sync signal (R4[0] =0 - 
internal, R4[0] = 1 


- 
external). 


MEMORY 
REFRESH 
COUNT (4 Bits-R9[3,0])-Write 


only. 


Defines 
how 
many 
sequential 
Display 
Memory 


addresses 
will be generated 
by VIEW for transparent 


refresh of dynamic RAM's during the horizontal retrace 
interval (when the VLT output is inactive low). Bit 3 is 
the MSB and bit 0 is the LSB. Setting these bits to zero 
will disable the refresh counter. These bits are reset 
by a hardware 
Reset or software 
Reset command. 


START DELAY (6 Bits-R10[5,0])-Write 
only. 


Defines the number of scan lines the VIEW will wait 
after accessing the Window List in system memory for 
the last break. The VIEW will not access the Window 
List again until this count expires 
at which time the 


VIEW 
will begin processing 
data again for the first 


break of the next frame refresh. Bit 5 is the MSB and 
bit 0 is the LSB. See section 
on Break 
Processing 


under Functional 
Description. 


ATTRIBUTE 
SELECT 
(2 Bits-R17[1 
,O])-Write 
only. 
Defines 
the functionality 
of the VIEW's 
ATTR7-4 


general 
purpose 
Attribute 
output 
pins. 
The 


programming 
of these 
bits will determine 
whether 


these outputs 
function 
as attribute 
information 
or as 


extension 
bits to the Display 
Memory 
Address 
bus. 
See Table 3 for programming 
of these bits and the 


Functional 
Description 
section for an explanation 
of 


functions 
associated 
with these outputs. 


VIEW 
ATTRIBUTE SELECT 
ATTRIBUTE SELECT 


OUTPUT 
R17[O] = 1 
R17[O]= 0 


ATTR7 
X ADDR EXT MSB 
GP ATTRIBUTE 


ATTR6 
X ADDR EXT LSB 
GP ATTRIBUTE 
R17[1] = 1 
R17[1] = 0 


ATTR5 
Y ADDR EXT MSB 
GP ATTRIBUTE 


ATTR4 
Y ADDR EXT LSB 
GP ATTRIBUTE 


ATTRIBUTE 
SELECT PROGRAMMING 
TABLE 3 


INTERRUPT 
ENABLE 
(7 Bits-R17[7,5,4,3,2])-Write 


only. 


These 
bits, when set, enable the VIEW to generate 


an interrupt 
when the appropriate 
conditions 
exist. 


These bits are reset to zero by a hardware Reset or a 
software 
Reset command. 
The following 
defines the 


specific conditions 
associated 
with each of the bits in 


this register. 


Bit 7 (Interrupt 
Enable) 
This bit, when set, will allow the VIEW to drive its 
INT pin high whenever 
the Interrupt Pending bit in 


the Interrupt 
Status 
2 register 
goes 
high. When 


reset, the VIEW cannot drive the INT pin high. This 
bit is a global interrupt enable and has higher priority 
than the other enable bits in this register. 


Bit 5 (Cursor Window 
Interrupt Enable) 


This bit, when set, will allow the VIEW to set the 
Interrupt 
Pending bit after the last break has been 


processed whenever the cursor position (upper left 
corner 
of the cursor 
area) is moved into another 


window. When reset, this condition will be ignored. 


Bit 4 (Y Break Interrupt Enable) 
This bit, when set, will allow the VIEW to set the 
Interrupt 
Pending bit whenever 
a Y break with the 


Interrupt 
Tag 
bit 
set 
is 
encountered 
when 


generating 
Display Memory Addresses. 
The same 


interrupt 
will be generated 
for both even and odd 


fields. When reset, this condition will be ignored. 
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Bit 3 (Last Break Processed 
Interrupt Enable) 


This bit, when set, will allow the VIEW to set the 
Interrupt Pending bit whenever 
the VIEW retrieves 


a Y break with a terminator window number followed 
by an X break with a terminator 
window 
number. 


When reset, this condition 
will be ignored. 


Bit 2 (Vertical Retrace Interrupt Enable) 
This bit, when set, will allow the VIEW to set the 
Interrupt Pending bit at the start of vertical blanking 
time. When reset, this condition will be ignored. 


INTERRUPT 
STATUS 1 (5 Bits-RR17[6, 
5, 4, 3, 2])- 


Read only. 


These bits act as flags to indicate 
which condition/s 


are causing 
an interrupt. 
With the exception 
of bit 6 


(Odd/Even status), these bits are reset by reading the 
Interrupt 
Status 
1 register, 
a hardware 
Reset, ~. ~ 


software 
Reset command. 
They can only be driven 


active when they are enabled 
in the Interrupt 
Enable 


register. This register 
should not be read unless the 


Interrupt 
Pending bit in the Interrupt Status 2 register 


is high or the VIEW has driven its INT output active. 


Bit 6 (Odd/Even) 
This bit is set when the next field to be displayed 
is 


the odd field and is reset when the next field to be 
displayed 
is the even field. This status bit becomes 


valid shortly 
before the Vertical 
Retrace 
Interrupt 


occurs and remains valid for the vertical period. 


Bit 5 (Cursor Window 
Interrupt) 


This bit is set whenever 
the cursor position (upper 


left corner of the cursor area) is moved into a new 
window. 


Bit 4 (Y Break Interrupt) 
This bit is set during the retrace period preceeding 
the display of a window that has its Interrupt Tag bit 
set. 


Bit 3 (Last Break Processed 
Interrupt) 


This bit is set whenever 
the VIEW 
retrieves 
a Y 


break with a terminator 
window 
number followed 


by an X break with a terminator 
window 
number. 


The purpose of this condition 
is to indicate that the 


VIEW will not access 
system memory 
again until 


the Start Delay count has expired. This can be used 
to give the system 
processor 
an opportunity 
to 


access the window list in memory. See section on 
Break Processing 
under Functional 
Description. 


Bit 2 (Vertical Retrace Interrupt) 
This 
bit is set when 
the vertical 
retrace 
interval 


begins. 


INTERRUPT 
STATUS 2 (8 Bits-RR18[7,0])-Read 
only. 


Bit 7 (Interrupt 
Pending) 
This bit is set when any of the enabled 
interrupt 


causing 
conditions 
has occurred. 
This bit is reset 


by reading 
the 
Interrupt 
Status 
1 register, 
a 


hardware 
Reset, or a software 
Reset command. 


Bit 6-0 (Cursor Window 
Number) 


These bits represent 
the window 
number that the 


VIEW 
cursor 
is currently 
resident 
in. This 
is 


determined with respect to the location of the upper 
left corner 
of the cursor block as specified 
in the 


Horizontal 
and Vertical Cursor 
Position registers. 


Bit 6 is the MSB and bit 0 is the LSB. If the cursor 
is resident 
in more than one window, the window 


number with the highest 
priority 
is reported 
here. 


The data in this register is valid from the time the 
Last Break 
Processed 
Interrupt 
occurs 
until the 


Start Delay count expires. 


I 


T1 


T2 
T3 


T16 
T17 


SCLK 
T13- 


~T4 


AEN 


T10 


T7 


AD1S-Q 
DATA IN 


BUS DIR: 


~ 
~.--' 
T14 
-.'\XXXX--..,.,.-.,.-",..., 


MAXIMUM GUARANTEED 
RATINGS· 


Operating Temperature 
Range 
O°C to + 70°C 
Storage Temperature 
Range 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-55°C 
to + 150°C 


Lead Temperature 
(Soldering, 
10 sec) 
+ 300°C 


Positive voltage on any pin (WRT ground) 
Vcc + 0.3V 
Negative voltage on any pin (WRT ground) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
-0.3V 
Maximum Vcc 
+ 7.0V 


'Stresses 
above those 
listed may cause permanent 
damage 
to the device. This is a stress rating only and functional 
operation 
of the device 
at these 
or at any other condition 
above those 
indicated 
in the operational 
sections 
of this 
specification 
is not implied. 
NOTE: When powering this device from laboratory 
or system power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings not be exceeded 
or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 
on their 
outputs when the AC power is switched 
on and off. In addition, 
voltage transients 
on the AC power line may appear on 
the DC output. If this possibility 
exists it is suggested 
that a clamp circuit be used. 


DC ELECTRICAL 
CHARACTERISTICS 
TA = O°C to + 70°C, Vcc = 5.0V ±5% 
SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


Input voltage: 


All inputs except DCLK, SCLK, and CS 
V" 
Low 
0.8 
V 


V,H 
High 
2.0 
V 


V" 
Low 
1.0 
V 
DCLK, SCLK, CS with Vee = 5.0V 


V,H 
High 
4.0 
V 
See NOTE 1. 


Output voltage: 
VOL 
Low 
0.4 
V 
IOL= 1.6 mA 


VOH 
High 
2.4 
V 
10H = -40,...A 


Input leakage current: 
I'L 
10 
,...A 


I'H 
10 
,...A 


Input/Output capacitance: 
C'N 
25 
pF 
All inputs 


COUT 
50 
pF 
All outputs 


Power supply current: 


Ice 
30 
mA 


NOTES: 1.The V,H MIN and V,LMAX of SCLK, CS, and DCLK are 80% and 20% of Vee respectively. 
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SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


System 
Bus: 


T1 
SCLKperiod 
200 
10,000 
ns 
T2 
SCLKhigh 
70 
5,000 
ns 
T3 
SCLKlow 
70 
5,000 
ns 
T16 
SCLK rise time 
10 
ns 


T17 
SCLK fall time 
10 
ns 


T4 
SCLK to AEN delay 
0 
ns 


T5 
AEN pulse width 
50 
ns 


T6 
AEN active to address 
50 
ns 
valid delay 


T7 
AEN high to AD bus 
0 
ns 
drive delay 


T8 
AEN low to AD bus float delay 
50 
ns 
T9 
Data valid to SCLK 
35 
ns 
setup time 
T10 
Data hold time from 
0 
ns 
SCLK 
high 


T12 
SCLKtoDMAR 
65 
ns 
delay 
T13 
SCLK 
rising edge 
50 
ns 
to address 
valid 
delay 


T14 
ACK to SCLK setup 
35 
ns 


T19 
Address 
hold from 
0 
ns 
AEN low 
T18 
RESET 
pulse width 
200 
ns 
T60 
CS read pulse width 
125 
ns 
T61 
CS write pulse width 
75 
ns 


T62 
CS active to data valid delay 
75 
ns 


T63 
CS active to AD bus drive 
0 
ns 
~elay 


T64 
CS inactive 
to AD bus float 
75 
ns 
delay 


T65 
Write data setup time 
40 
ns 


to CS inactive 


T66 
Write data hold time from 
0 
ns 
CSinactive 


T67 
RlW and AiF5 to CS active 
30 
ns 


T6~ 


~tuptim~ 


RlW and ND to CS active 
0 
ns 
hold time 


T69 
CS rise time 
10 
ns 


T70 
CS fall time 
10 
ns 


T71 
CS inactive 
between 
200 
ns 
processor 
access 


T72 
Data hold time from 
0 
ns 
CS inactive 


Display 
Bus: 
T30 
DCLKperiod 
100 
5,000 
ns 


T31 
DCLKhigh 
40 
2,500 
ns 
T32 
DCLKlow 
40 
2,500 
ns 
T43 
DCLK rise time 
10 
ns 


T44 
DCLK fall time 
10 
ns 


T33 
DCLK high to signal' 
75 
ns 
valid delay 


T34 
Signal' 
hold time to DCLK 
0 
ns 
rising edge 


T45 
Ext'V'S/R"S active to DCLK 
35 
ns 
rising edge setu.Q1ime 


T46 
DCLK 
high to Ext VS/HS 
0 
ns 
inactive 
hold time 


I 


C 


T18-r 


FIGURE 22-SYSTEM 
BUS PERIPHERAL 
TIMING 


VS,HS 


(Input mode) 


NOTE: ' SIGNALabovereferstoATTF!7-.Q....CURS, HDA7-0, VDA11-0, CBLANK,CSYN, RFRSH, BRKCHG, 


VLT, INT, VS and HS (VS and HS only when programmed as outputs). 


STANDARD MICROSVSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPOR I\TlnAI 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 


'''UIVI'II 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 


,,_ 
•••• ,~.~ •••"'" assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


'"'' m·,,~· ,.••m.- semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design ana supply the best product possible. 


~FIOPPY 
Disk 


Part 
Software 
Max. B.ecommended 
Data 
Power 


Number 
Compatability 
Disk Data ~anafer Bate 
separator 
SUpply 
Package 
Page 


FDC9268 
IBM~ PC/.AT~,PCIXT, PS/2® 
500 Kb/sec 
16 MHz Digital 
+5V 
40 DIP, 
541-656 
44PLCC 
FDC9266 
IBM'" PC/.AT~,PCIXT, PS/2~ 
260 Kb/sec 
8 MHz Digital 
+5V 
40 DIP, 
525-540 


44PLCC 
FDC 766A, 766A-2, 
IBM'" PC/..AT®,PCIXT, PS/2® 
500 Kb/sec 
external 
+5V 
40 DIP, 
455-470 
7265 
44PLCC 
FDC 72C65, 72C66 
IBM® PC/.AT"',PCIXT, PS/2® 
Up to 1Mb/see 
external 
+5V 
40 DIP, 
473-496 


44PLCC 
FDC92C81 
IBM® PC/.AT®,PCIXT, PS/2® 
Up to 1 Mb/sec 
Dual Gain 
+5V 
24 DIP, 
567-564 


Analog 
28PLCC 
FDC 91 C36/B, 92C36/B 
IBM® PC/.AT'" PCIXT PS/2'" 
250/500 
Kb/sec 
16 MHz Die:ital 
+5V 
8 DIP 
497-600 
FDC92C38/B 
IBM'" PC/.AT'" PCIXT PS/2® 
250/500/500/260 Kb/sec 
16 MHz D1e:1ta.l 
+5V 
14 DIP 
613-516 
FDC 92C39/B/BTfT 
IBM~ PC/.AT~,PCIXT, PS/2'" 
250/600/500/250 
Kb/sec 
16 MHz Digital 
+5V 
20 DIP, 
517-524 


28PLCC 
FDC 9229T/BT 
IBM~ PC/.AT®,PCIXT, PS/2~ 
125/250 
Kb/sec 
8 MHz Digital 
+5V 
20 DIP, 
505-512 


28PLCC 
FDC9216/B 
IBM'!>PC/.AT~ PCIXT PS/2~ 
125/250 
Kb/sec 
8 MHz Die:ital 
+5V 
8 DIP 
501-604 
FDC 9791, 9793,9795, 
179X 
260 Kb/sec 
external 
+5V 
40 DIP, 
565-566 
9797 
44PLCC 
FDC 1791, 1793, 1795, 
179X 
250 Kb/sec 
external 
+ 5V,+12V 
40 DIP, 
471-472 
1797 
44PLC 
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FDC765A/765A-2 
FDC 7265/7265-2 


Single/Double 
Density Floppy Disk Controller 


FEATURES 
D IBM Compatible 
in both Single 
and Double 
Density 
Recording 
Formats 
(FDC765A) 


D Sony (EMCA) 
Compatible 
Recording 
Format 
(FDC7265) 


D Programmable 
Data Record 
Lengths: 
128, 256, 512, or 1024 
Bytes/Sector 
tJ Multi-Sector 
and Multi.:frack 
Transfer 
Capability 


D Drive up to 4 Floppy 
Disks 


D Data Scan 
Capability-will 
scan 
a 
Single 
Sector or an entire cylinder's 
worth of data fields, comparing 
on a 
Byte by Blte 
Basis, 
data in the 
Processor 
s Memory 
with data read 
from the Diskette 


D Data Transfers 
in DMA or Non- 
DMA Mode 


D 
Parallel 
Seek Operations 
on up to 
four drives 


D Compatible 
with Most 
Microprocessors 


D Single 
Phase 
8 MHz Clock 


D Single 
+5 Volt Power Supply 


HDL 
FRISTP 
LCT/DIR 
RW/SEEK' 
vcc 


Vcc 


RESET 
!'ID 


WR 
C'S 


A" 


RST 
1 
RD 
2 


WR 
3 
C'S 
4 
A" 5 
SYNC 
DB, 
6 
ROD 
DB, 
7 
ROW 
DB, 
8 


~~~ 
DB, 9 
GND 
DB, 10 
GND 
DBs 11 
NC 
DB, 
12 


CLK 
DB, 13 
INT 
ORO 14 
lOX DACK 15 
TC 16 
lOX 17 
INT 18 
CLK 19 
GND 20 


cOa5cOa5'cOcO~cDglG~ 
ooooooooo~ 


40 vcc 
39 i'lW/SEEK 
38. LCTIDIR 
37 FRISTP 


36 HDL 
35 ROY 
34 WPITS' 


33. FLT/TR, 
32 PS, 
31 PS, 
30 WDA 
29 US, 
28 US, 
27 HD 
26 
MFM 
25 WE 
24 
VCO 


23 RDD 
22 ROW 
21 WCK 


D 
I 


D COMPLAMOS® 
n-Channel 
Silicon 
Gate Technology 


PACKAGE: 40-pin DIP 


D Available 
in 40-Pin 
Dual-in-Line 
Package 


The FDC765A 
is an LSI floppy disk controller 
(FDC) chip, 
which contains 
the circuitry 
and control functions 
for inter- 
facing a processor 
to 4 floppy disk drives. It is capable 
of 
either IBM 3740 single density format (FM). or IBM System 
34 double 
density 
format 
(MFM) 
includiny 
double-sided 
recording. 
The FDC765A 
provides 
control 
signals 
which 
simplify 
the design 
of an external 
phase-locked 
loop and 
write 
precompensation 
circuitry. 
The FDC simplifies 
and 
handles most of the burdens associated 
with implementing 
a floppy disk interface. 


The FDC7265 is an addition to the FDC family that has been 
designed 
specifically 
for the Sony Micro Floppydisk® drive. 
The FDC7265 
is pin-compatible 
and electrically 
equivalent 
to the 765A 
but utilizes 
the Sony recording 
format. 
The 
FDC7265 
can read a diskette 
that has been formatted 
by 
the FDC765A. 


Each of these devices is also available 
in a -2 version. The 
-2 versions represent a reduction from 4-micron to 3-micron 
design 
rule. Functionally 
is the same. 
Minor differences 
between the two versions are detailed in the AC Character- 
istics table. The -2 versions are only available in the plastic 
package at this time. 


Hand-shaking 
signals 
are provided 
in the 
FDC765A/ 


FDC7265 
which make DMA operation 
easy to incorporate 
with the aid of an external 
DMA controller 
chip. The FDC 
will operate in either the DMA or non-DMA mode. In the non- 
DMA mode the FDC generates 
interrupts 
to the processor 


every time a data byte to be transferred. 
In the DMA mode, 
the processor 
need only load the command 
into the FDC 
and all data transfers 
occur under control of the FDC and 
DMA controllers. 


There are 15 commands 
which the FDC765A1FDC7265 
will 
execute. 
Each of these commands 
requires 
multiple 
8-bit 
bytes to fully specify 
the operation 
which 
the processor 
wishes the FDC to perform. 
The following 
commands 
are 
available: 


Read Data 
Read ID 
Specify 
Read Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 


Read Deleted Data 
Write Data 
Format Track 
Write Deleted Data 
Seek 
Recalibrate 
Sense Interrupt Status 
Sense Drive Status 


Address 
mark detection 
circuitry 
is internal 
to the FDC 
which simplifies 
the phase-locked 
loop and read electron- 
ics. The track 
stepping 
rate, head 
load time, 
and head 
unload 
time 
are user-programmable. 
The 
FDC765A/ 


FDC7265 offers additional features such as multi-track and 
multi-side 
read and write commands 
and single and double 
density capabilities. 


WR CLOCK 
WR DATA 


WR ENABLE 


PRE·SHIFTO 


PRE·SHIFT 
1 


READY 


WRITE 
PROTECT/TWO 
SIDE 


INDEX 


FAULT/TRACK 
0 


UNIT 
SELECT 
0 


UNIT 
SELECT 
1 


MFMMODE 


RW/SEEK 


HEAD 
LOAD 


HEADSELECT 


LOW CURRENT/DIRECTION 


FAULT 
RESET/STEP 


080-7 


MEMR 


lOR 


MEMW 


lOW 
CS 


HRQ 


HLOA 


AO 


080-7 


AD 
WR 


CS 


INT 


RESET 


TC 


TERMINAL 
COUNT 


PIN 
INPUT/ 
CONNECTION 
NO. 
SYMBOL 
NAME 
OUTPUT 
TO 
FUNCTION 


1 
RST 
Reset 
Input 
Processor 
Places 
FDC in idle state. 
Resets 


output 
lines to FDD to "0" (low). 


Does not effect SRT, HUT or HLT 
in Specify 
command. 
If ROY pin is 


held high during 
Reset, 
FDC will 


generate 
interrupt 
1.024 ms later. 


To clear this interrupt 
use Sense 


Interrupt 
Status 
command. 


2 
RD 
Read 
Input<D 
Processor 
Control 
signal for transfer 
of data 


from FDC to Data Bus, when 
"O"(low). 


3 
WR 
Write 
Input<D 
Processor 
Control 
signal for transfer 
of data to 


FDC via Data Bus, when 
"0" (low). 


4 
CS 
Chip Select 
Input 
Processor 
IC selected 
when...::Q:' (low), 


allowing 
RD and WR to be 
enabled. 


5 
Ao 
Data/Status 
Reg 
Input<D 
Processor 
Selects 
Data Reg (Ao = 1) or 


Select 
Status 
Reg (A, = 0) contents 
of 


the FDC to be sent to Data Bus. 


6-13 
DB,-DB, 
Data Bus 
Input<D 
Processor 
Bi-Directional 
8-Bit Data Bus. 


Output 


14 
ORO 
DataDMA 
Output 
DMA 
DMA Request 
is being made by 


Request 
FDC when 
DRW = "1'. 


15 
DACK 
DMA 
Input 
DMA 
DMA cycle is active when 
"0" (low) 


Acknowledge 
and Controller 
is performing 
DMA 


transfer. 


16 
TC 
Terminal 
Count 
Input 
DMA 
Indicates 
the termination 
of a DMA 


transfer 
when 
"1" (high). 
It 
terminates 
data transfer 
during 
Read/Write/Scan 
command 
in 
DMA or interrupt 
mode. 


17 
lOX 
Index 
Input 
FDD 
Indicates 
the beginning 
of a disk 


track. 


18 
INT 
Interrupt 
Output 
Processor 
Interrupt 
Request 
Generated 
by 


FDC. 


19 
CLK 
Clock 
Input 
Single 
Phase 
8 MHz Squarewave 


Clock. 


20 
GND 
Ground 
D.C. Power Return. 


21 
WCK 
Write Clock 
Input 
Write data rate to FDD. FM = 500 
kHz, MFM = 1 MHz, with a pulse 
width of 250 ns for both FM and 
MFM. 


22 
ROW 
Read Data 
Input 
Phase 
Lock Loop 
Generated 
by PLL, and used to 


Window 
sample 
data from FDD. 


23 
ROD 
Read Data 
Input 
FDD 
Read data from FDD, containing 
clock and data bits. 


24 
VCO 
VCO Sync 
Output 
Phase Lock Loop 
Inhibits 
VCO in PLL when 
"0" 


(low), enables 
VCO when" 
1." 


25 
WE 
Write Enable 
Output 
FDD 
Enables 
write data into FDD. 


26 
MFM 
MFM Mode 
Output 
Phase Lock Loop 
MFM mode when 
"1," FM mode 


when "0." 


27 
HD 
Head Select 
Output 
FDD 
Head 1 selected 
when 
"1" (high). 


Head 2 selected 
when 
"0" (low). 


28,29 
US" 
US, 
Unit Select 
Output 
FDD 
FDD Unit Selected. 


30 
WDA 
Write Data 
Output 
FDD 
Serial clock and data bits to FDD. 


31,32 
PS" 
PS, 
Precompensation 
Output 
FDD 
Write precompensation 
status 


(pre-shift) 
during 
MFM mode. 
Determines 


early, late, and normal 
times. 


33 
FLTITR, 
FaultlTrack 
0 
Input 
FDD 
Senses 
FDD fault condition, 
in 
Read/Write 
mode; 
and Track 0 


condition 
in Seek mode. 


34 
WPITS 
Write ProtecV 
Input 
FDD 
Senses 
Write Protect 
status 
in 
Two-Side 
ReadIWrite 
mode; 
and Two Side 


Media in Seek mode. 


I 


PIN 
INPUT/ 
CONNECTION 
NO. 
SYMBOL 
NAME 
OUTPUT 
TO 
FUNCTION 


35 
ROY 
Ready 
Input 
FDD 
Indicates FDD is ready to send or 
receive data. 
36 
HDL 
Head Load 
Output 
FDD 
Command which causes read/ 
write head in FDD to contact 
diskette. 
37 
FR/STP 
Fit Reset/Step 
Output 
FDD 
Resets fault F.F.in FDD in Read/ 
Write mode, contains stop pulses 
to move head to another cylinder in 
Seek mode. 
38 
LCT/DIR 
Low Current/ 
Output 
FDD 
Lowers Write current on inner 
Direction 
tracks 2: 42 in ReadlWrite mode, 
determines direction head will stop 
in Seek mode. A fault reset pulse is 
issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 
signal. 


39 
RW/SEEK 
Read Write/SEEK 
Output 
FDD 
When "1" (high) Seek mode 
selected and when "0" (low) Read/ 
Write mode selected. 
40 
Vcc 
+5V 
DC Power. 


The FDG765A/7265 
contains 
two registers which may be 
accessed 
by the main system processor; 
a Status Register 
and a Data Register. The 8-bit Main Status Register con- 
tains 
the 
status 
information 
of the 
FOG, and 
may 
be 
accessed 
at any time. 
The 8-bit Data Register 
(actually 
consists of several registers in a stack with only one register 
presented 
to the data bus at a time), 
which stores data, 


commands, 
parameters, 
and FDD status information. 
Data 
bytes are read out of, or written 
into, the Data Register in 
order to program or obtain the results after a particular com- 
mand. The Status Register 
may only be read and used to 


The bits in the Main Status Register are defined as follows: 


facilitate 
the transfer 
of data between 
the processor 
and 
FOG. 
The relation~ 
between the Status/Data 
registers and the 
signals RD, WR, and A" is shown below. 


A. 
RD 
WR 
FUNCTION 
0 
0 
1 
Read Main Status Register 
0 
1 
0 
Illegal 
0 
0 
0 
Illegal 
1 
0 
0 
Illegal 
1 
0 
1 
Read from Data Reqister 
1 
1 
0 
Write into Data Register 


BIT NUMBER 
NAME 
SYMBOL 
DESCRIPTION 
DBo 
FDDO Busy 
DoB 
FDD number 0 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
DB, 
FDD 1 Busy 
D,B 
FDD number 1 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
DB, 
FDD2 Busy 
D,B 
FDD number 2 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DB, 
FDD3 Busy 
D,B 
FDD number 3 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DB, 
FDC Busy 
CB 
A read or write command is in process. FDC will not accept 
any other command. 
DB, 
Execution Mode 
EXM 
This bit is set only during execution phase in non-DMA mode. 
When DB, goes low,execution phase has ended, and result 
phase was started. It operates only during NON-DMA mode 
of operation. 
DB. 
Data Input/Output 
010 
Indicates direction of data transfer between FOG and Data 
Register. If 010 = "1" then transfer is from Data Register to 
the Processor. If 010 = "0", then transfer is from the 
Processor to Data Register. 
DB, 
Request for Master 
ROM 
Indicates Data Register is ready to send or receive data to or 
from the Processor. Both bits 010 and ROM should be used 
to perform the har>r'-shakingfunctions of "ready" and 
"direction" to the processor. 


The 010 and ROM bits in the Status .8llilister indicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and 010 and ROM getting set or reset is 12 f.Ls.For 
thiS reason every time Main Status Register is read the GPU should wait 12 f.Ls.The max time from the trailing edge of the last RD in 
the result phase to when DB, (FOG Busy) goes low is 12 f.Ls. 


L 


Ready 
l 
! : 


ReQuest 
fof Master 
i1 
II 
IjI 
II 
i II 


(RbM) 
j~ 
H;H~l 
- 
: 
:: 
l:::: 
1:1 
: 
WR 


AD 
: 
I 
1 
I 
1 I 
I 
I 
I 
I 
I 
I 
I 
I A I a I 
A 
la'i 
A I c I 
0 I c IDial 
A I 


Notes: 0-Data 
register 
ready to be written 
into by processor 
00 -Data 
register 
not ready to be written 
into by proc8SSOf 
@] -oala 
register 
ready for next data byte to be read by the processor 


@] -Data 
register 
nol ready for nex1 data byte to be read by processor 


COMMAND 
SEQUENCE 
The FOC is capable of performing 
15 different commands, 
Each command 
is initiated by a multi-byte 
transfer from the 
processor, 
and the result after execution 
of the command 
may also be a multi-byte 
transfer 
back to the processor, 
Because 
of this 
multi-byte 
interchange 
of information 
between the FOC and the processor, it is convenient 
to con- 


sider each command 
as consisting 
of three phases: 


Command 
Phase: 
The FOC receives all information 
required 
to perform 
a particular 
operation 
from the processor. 


Execution 
Phase: 
The FOC performs 
the operation 


it was instructed 
to do, 
Result Phase: 
After completion 
of the operation, 


status 
and other 
housekeeping 


information 
are made available to 
the processor. 


SYMBOL 
NAME 
DESCRIPTION 
Ao 
Address 
Line 0 
Ao controls 
selection 
of Main Status 
Register 
(Ao = 0) or Data Register 
(Ao = 1). 


C 
Cylinder 
Number 
C stands 
for the current/selected 
Cylinder 
(track) 
number 
0 through 
76 of 
the medium. 


D 
Data 
D stands 
for the data pattern 
which 
is going to be written 
into a Sector, 


D,-D, 
Data Bus 
B-bit Data Bus, where 
D, stands 
for a most significant 
bit, and D, stands 
for a 


least siqnificant 
bit. 


DTL 
Data Length 
When 
N is defined 
as 00, DTL stands 
for the data length which 
users are 
qoinq to read out or write into the Sector. 


EaT 
End of Track 
EaT stands 
for the final Sector 
number 
on a Cylinder. 
During 
Read or Write 


operation 
FDC will stop data transfer 
after a sector # equal to EaT. 


GPL 
Gap Length 
GPL stands 
for the length of Gap 3. During 
ReadlWrite 
commands 
this value 


determines 
the number 
of bytes that YCas 
will stay low after two CRC bytes. 


Durinq 
Format command 
it determines 
the size of Gap 3. 


H 
Head Address 
H stands 
for head number 
0 or 1, as specified 
in ID field. 


HD 
Head 
HD stands 
for a selected 
head number 
0 or 1 and controls 
the polarity 
of pin 
27. (H = HD in all command 
words.) 


HLT 
Head Load Time 
HLT stands 
for the head load time in the FDD (2 to 254 ms in 2 ms 
increments). 


HUT 
Head Unload 
Time 
HUT stands 
for the head unload time after a read or write operation 
has 
occurred 
(16 to 240 ms in 16 ms increments). 


MF 
FM or MFM Mode 
If MF is low, FM mode is selected, 
and if it is high, MFM mode is selected. 


MT 
Multi-Track 
If MT is high, a multi-track 
operation 
is to be 8erformed. 
If MT = 1 after 
finishing 
ReadlWrite 
operation 
on side 0 FD 
will automatically 
start 
searching 
for sector 
1 on side 1. 


N 
Number 
N stands 
for the number 
of data bytes written 
in a Sector. 


NCN 
New Cylinder 
Number 
NCN stands 
for a new Cylinder 
number, 
which 
is going to be reached 
as a 
result of the Seek operation, 
Desired 
position 
of Head, 


ND 
Non-DMA 
Mode 
ND stands 
for operation 
in the Non-DMA 
Mode. 


PCN 
Present 
Cylinder 
PCN stands for the C~linder 
number 
at the completion 
of SENSE 
Number 
INTERRUPT 
STATU 
Command, 
Position 
of Head at present 
time. 


R 
Record 
R stands 
for the Sector 
number, 
which will be read or written. 


R/W 
Read/Write 
R/W stands 
for either 
Read (R) or Write (W) siqnal. 


SC 
Sector 
SC indicates 
the number 
of Sectors 
per Cylinder. 


SK 
Skip 
SK stands 
for Skip Deleted 
Data Address 
Mark, 


SRT 
Step Rate Time 
SRT stands 
forthe 
Stepping 
Rate for the FDD. (1 to 16 ms in 1 ms 
increments,) 
Stepping 
Rate applies 
to all drives, 
(F = 1 ms, E = 2 ms, etc.). 


STO 
Status 
0 
ST 0-3 stand for one of four registers 
which 
store the status 
information 
after 


ST1 
Status 
1 
a command 
has been executed, 
This information 
is available 
during 
the 


ST2 
Status 
2 
result phase after command 
execution. 
These 
registers 
should 
not be 


ST3 
Status 
3 
confused 
with the main status 
register 
(selected 
by Ao = 0). ST 0-3 may be 
read only after a command 
has been executed 
and contain 
information 
relevant 
to that particular 
command. 


STP 
During 
a Scan operation, 
if STP = 1, the data in continguous 
sectors 
is 
compared 
byte by byte with data sent from the processor 
(or DMA); 
and if 


STP = 2, then alternate 
sectors 
are read and compared. 


USO, US1 
Unit Select 
US stands 
for a selected 
drive number 
0 or 1. 


I 


I 
DATA 
BUS 
I 
I 
DATA BUS 
I 


PHASE 
RIW 
07 
DO 
Os 
O. 
03 
02 
0, 
DO 
REMARKS 
PHASE 
RIW 
07 
DO 
Os 
O. 
0 
02 
0, 
DO 
REMARKS 


READ 
DATA 
READ 
A TRACK 


Command 
W 
MT 
MF 
SK 
0 
0 
1 
1 
0 
Command 
Codes 
Command 
W 
0 
MF 
SK 
0 
0 
0 
1 
0 
Command 
Codes 


W 
X 
X 
X 
X 
X 
HO 
USI 
USO 
W 
X 
X 
X 
X 
X 
HO 
USI 
USO 


W 
C 
Sector 10 information 
prior 
W 
C 
Sector 
10 information 
prior 
W 
H 
to 
Command 
execution, 
The 
W 
H 
to 
Command 
e)Cecution 
W 
R 
4 bytes are commanded 
against 
W 
R 
W 
N 
header 
on 
Floppy 
Disk. 
W 
N 


W 
EDT 
W 
EDT 


W 
GPL 
W 
GPL 
W 
OTL 
W 
OTL 


execution 
Data-transfer 
between 
the 
Execution 
Data-transler 
between 
t he 


FOD and main-system 
FDD and main-system. 
FOC 


reads all dati fields 


Rnult 
R 
STO 
Status 
information 
after 
from index hole to ear. 


R 
ST 1 
Command l!ltl!cution 
R 
ST 2 
Result 
R 
STO 
Status 
Information 
after 


R 
C 
Sector 
10 informatIon 
aher 
R 
ST 1 
Command 
eKecution 


R 
H 
Command 
execution 
R 
st2 


R 
R 
R 
C 
Sector 
10 information 
after 


R 
N 
R 
H 
Command 
.llecullon 


READ DELETED DATA 
R 
R 
R 
N 


Command 
W 
MT 
MF 
SK 
0 
, 
1 
0 
0 
Command 
Codes 


READ 10 
W 
X 
X 
X 
X 
X 
HO 
USI 
usa 
w 
Command 
W 
0 
MF 
0 
0 
1 
0 
1 
0 
Commands 
C 
Sector 
10 inform'lIon 
prior 
X 
X 
X 
HO 
U51 
usa 
w 
H 
to Command 
execution. 
The 
W 
X 
X 


W 
R 
4 bytes are comm.nded 
against 
Execution 
The first correct 
10 information 
W 
N 
header on Floppy Disk. 
on the Cylinder 
is stored 
in 
W 
EDT 
Data Register 
W 
GPL 


W 
OTL 
Result 
R 
ST 0 
Status 
information 
after 


Execution 
Data-transfer 
between 
the 
R 
ST 1 
Command 
execution 


FDD and main-system 
R 
ST 2 


A 
C 
Sector 
10 information 
read 


Result 
R 
STO 
Status 
information 
.fter 
R 
H 
during 
Execution 
Phase from 


R 
STI 
Command 
execution 
R 
R 
Floppy 
Disk 


R 
ST 2 
R 
N 


R 
C 
$ector 
10 mformatlon 
.her 
FORMAT 
A TRACK 


R 
H 
Command 
execution 
Command 
W 
0 
M' 
0 
0 
1 
1 
0 
1 
Command 
Codes 
R 
R 
R 
N 
W 
X 
X 
X 
X 
X 
HO 
USI 
USO 


WRITE DATA 
W 
N 
Bytlll/Sector 
W 
SC 
$ectorslTrack 
Command 
W 
MT 
MF 
0 
0 
0 
1 
0 
, 
. Command 
Codes 
W 
GPL 
Gap 3 
W 
X 
X 
X 
X 
X 
HO 
USI 
USO 
W 
0 
Filler Byte 


W 
C 
Sector 10 Information 
prior 
Execution 
FDC formats 
an entire 
track 
W 
H 
to Command 
exeC1Jtion. The 
W 
R 
4 bytes are commanded 
against 
Result 
R 
ST 0 
Status 
information 
after 
W 
N 
header on Floppy Disk. 
R 
ST' 
Command 
execution 
W 
EDT 
R 
ST 2 
W 
GPL 
R 
C 
In this case. the 10 information 


W 
OTL 
R 
H 
has no meaning 


Execution 
Data-transfer 
between 
the 
R 
R 


main-system 
and FDD 
R 
N 


SCAN EQUAL 


Rqult 
R 
STO 
Status 
information 
.her 
Command 
W 
MT 
MF 
SK , 
0 
0 
0 
1 
Command 
Code'S 
R 
ST 1 
Command 
execution 
R 
ST 2 
W 
X 
X 
X 
X 
X 
HO 
USI 
USO 


R 
C 
$ector 
10 information 
after 
W 
C 
Sector 
10 Information 
prior 


R 
H 
Command 
execution 
W 
H 
to Command 
execution 


R 
R 
W 
R 
R 
N 
W 
N 


WRITE DELETED 
DATA 
W 
EDT 
W 
GPL 


Command 
W 
MT 
MF 
0 
0 
1 
0 
0 
1 
Command 
Codes 
W 
STP 


W 
X 
X 
X 
X 
X 
HO 
USI 
USO 


W 
C 
Execution 
Data-eompared 
between 
the 
SectOr 10 informallon 
prior 
F00 
and m.in-system 
W 
II 
to Command 
execution_ The 
W 
R 
4 bytes are comm.nded 
against 
Result 
R 
STO 
Status 
information 
after 
W 
N 
header on Floppy 
Oi.k. 
R 
ST 1 
Command 
execution 


W 
EDT 
R 
ST 2 
W 
GPl 
R 
C 
Sector 
10 information 
alter 
W 
OTL 
R 
H 
Command 
execution 


Execution 
Data-transfer 
between 
the 
R 
R 


FDD and main·system 
R 
N 


ReJOlt 
R 
STO 
StltuS 
Information 
after 
R 
ST 1 
Command 
execution 
R 
ST2 
R 
C 
Sector 
10 information 
after 


R 
H 
Command 
execution 
R 
R 


R 
N 


Not.: 
<D Symbol. 
uMd in mi. table ar. described.t 
the end of mi. section_ 
~ 
Ao .hould 
equ.1 bin.ry 
1 for all operations. 
Q) X - Don't 
cere, u.u.lly 
made to equ.1 bin.ry 
O. 


I 
DATA BUS 
I 
I 
DATA 
BUS 
I 


PHASE 
"M 
07 
Of; 
D!;, 0 
0:1 02 
0, 
Do 
REMARKS 
PHASE 
RIW I 
07 
O. 
Os 
O. 
03 
02 
0, 
00 
I 
REMARKS 


SCAN LOW OR EaUAl 
RECALIBRATE 


Command 
W 
MT 
MF 
SK 
1 
, 
0 
0 
, 
Command 
Cod. 
'Command 
W 
0 
0 
0 
0 
0 , 
, 
, 
Commend 
Codes 


W 
X 
X 
X 
X 
X 
HD 
US, 
usa 
W 
X 
X 
X 
X 
X 
C 
US, 
usa 


w 
C 
Sector 10 information 
prior 
Execution 
Head retracted 
to Track 0 


W 
H 
Command 
execution 
W 
" 


SENSE INTERRUPT 
STATUS 


W 
N 
Command 
W 
0 
0 
0 
0 
1 
0 
0 
0 
Command 
Codes 


W 
EDT 


W 
GPL 
Result 
" 
570 
Status information 
at the end 


W 
STP 
" 
PCN 
of seek-operation 
about 
the FOC 


Execution 
Oat&-Compared ben •••en th. 
SPECIFY 


FDD end maitHvstem 
Command 
W 
0 
0 
0 
0 
0 
0 
1 
, 
Command 
Godes 


Result 
" 
STO 
StaWs information 
aftllf 
W 
SOT 
.. • 
HUT 
" 
ST' 
Command 
u8Cution 
W 
HLT 
.. 
ND 


R 
572 
SENSE DRIVE STATUS 


R 
C 
Sector 
10 information 
after 
Command 
W 
0 
0 
0 
0 
0 , 
0 
0 
Commaod 
Codes 


R 
It 
Command 
execution 


R 
R 
W 
X 
X 
X 
X 
X 
HD 
US, 
usa 


R 
N 
Result 
R 
ST 3 
Status information 
about 
FOD 


SCAN HIGH OR EQUAL 
SEEK 


Command 
W 
MT 
MF 
SK 
1 
1 
1 
0 
, 
Command 
Codes 
Command 
W 
0 
0 
0 
0 , , 
1 
1 
Command 
Codes 


W 
X 
X 
X 
X 
X 
HD 
US, 
USO 
W 
X 
X 
X 
X 
X 
HD 
US, 
USO 
W 
C 
Sector 
ID information 
prior 
W 
NCN 
W 
H 
Command 
execution 


W 
R 
EKecution 
Head is positioned 
over 
W 
N 
proper Cvlinder 
on 
W 
FaT 
Diskette 
W 
GPL 


W 
STP 
INVALID 


EJ:8Cution 
Oata-eompared 
between 
the 
Command 
W 
___ 
Invalid Codes ____ 
Inyalid Command 
Codes 


FDC and main-system 
(NoOp - 
FCC goes into 


Result 
R 
ST 0 
Status information 
after 
Standby 
State) 


R 
ST' 
Command 
eJ:ecution 
Result 
R 
ST 0 
STO-80 


R 
572 
(16) 


R 
C 
Sector 
ID information 
after 


R 
H 
Command 
eJ:ecution 


R 
R 


R 
N 


FUNCTIONAL 
DESCRIPTION 
OF COMMANDS 


Read Data 
A set of nine (9) byte words are required to place the FOC 
into the Read Data Mode. After the Read Data command 
has been issued 
the FOC loads the head (if it is in the 


unloaded 
state), 
waits the specified 
head settling 
time 


(defined 
in the Specify Command), 
and begins reading 10 


Address Marks and 10 fields. When the current sector num- 
ber ("R") stored in the 10 Register (lOR) compares with the 
sector number 
read off the diskette, then the FOC outputs 


data (from the data field) byte-to-byte 
to the main system 


via the data bus. 


After completion 
of the read operation from the current sec- 


tor, the Sector Number is incremented 
by one, and the data 


from the next sector is read and output on the data bus. This 
continuous 
read function 
is called 
a "Multi-Sector 
Read 


Operation." 
The Read Data Command 
may be terminated 


by the receipt 
of a Terminal 
Count signal. 
TC should 
be 


issued at the same time that the OACK for the last byte of 
data is sent. Upon receipt of this signal, the FOC stops out- 
putting data tQthe processor, but will continue to read data 
from the current 
sector, check CRC (Cyclic 
Redundancy 


Count) 
bytes, and then at the end of the sector terminate 


the Read Data Command. 


The amount 
of data which can be handled 
with a single 


command 
to the FOC depends 
upon MT (multi-track), 
MF 


(MFM/FM), 
and N (Number of Bytes/Sector). 
Table 1 below 


shows the Transfer Capacity. 
I 


Multi-Track 
MFM/FM 
ByteS/Sector 
Maximum Transfer Capacity 
Final Sector 


MT 
MF 
N 
(Bytes/Sector) 
(Number of 
Read 
Sectors) 
from Diskette 


0 
0 
00 
(128) (26) = 
3,328 
26atSideO 


0 
1 
01 
(256) (26) = 
6,656 
or 26 at Side 1 


1 
0 
00 
(128) (52) = 
6,656 
26 at Side 1 
1 
1 
01 
(256) (52) = 13,312 
0 
0 
01 
(256) (15) = 
3,840 
15 at Side 0 
0 
1 
02 
(512) (15) = 
7,680 
or 15 at Side 1 


1 
0 
01 
(256) (30) = 
7,680 
15 at Side 1 
1 
1 
02 
(512) (30) = 15,360 


0 
0 
02 
(512) (8) 
= 
4,096 
8atSideO 
0 
1 
03 
(1024) (8) 
= 
8,192 
or8 at Side 1 


1 
0 
02 
(512)(16) = 
8,192 
8atSide 
1 
1 
1 
03 
(1024) (16) = 16,384 


The "multi-track" 
function (MT) allows the FDC to read data 
from both sides of the diskette. For a particular cylinder, data 
will be transferred 
starting at Sector 1, Side 0 and complet- 
ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function 
pertains to only one cylinder 
(the same 
track) on each side of the diskette. 


When 
N = 0, the DTL defines 
the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
data length in a Sector, the data beyond DTL in the Sector, 
is not sent to the Data Bus. The FDC reads (internally) 
the 


complete 
Sector performing 
the CRC check, and depend- 
ing upon the manner 
of command 
termination, 
may per- 


form a Multi-Sector 
Read Operation. 
When N is non-zero, 


then 
DTL 
has 
no meaning 
and 
should 
be set to FF 
Hexidecimal. 


At the completion 
of the Read Data command, 
the head is 
not unloaded 
until after Head Unload Time Interval (speci- 
fied in the Specify Command) 
has elapsed. If the processor 
issues another command 
before the head unloads then the 


head settling 
time 
may be saved 
between 
subsequent 


reads. This time out is particularly 
valuable when a diskette 


is copied from one drive to another. 


If the FDC detects the Index Hole twice without finding the 
right sector, (indicated 
in "R"), 
then the FDC sets the ND 


(No Data) flag in Status Register 
1 to a 1 (high), and termi- 
nates the Read Data Command. 
(Status Register 0 also has 
bits 7 and 6 set to 0 and 1 respectively.) 


After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in ID field), the FDC sets the DE (Data Error) flag in 
Status Register 1 to a 1 (high), and if a CRC error occurs in 
the Data Field the FDC also sets the DD (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. 
(Status Register 0 also has bits 


7 and 6 set to 0 and 1 respectively.) 


If the FDC reads a Deleted Data Address Mark off the dis- 
kette, and the SK bit (bit D5 in the first Command 
Word) is 


not set (SK = 0), then the FDC sets the CM (Control Mark) 
flag in Status Register 2 to a 1 (high), and terminates 
the 


Read Data Command, 
after reading all the data in the Sec- 


tor. If SK = 1, the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1. 
During disk data transfers 
between 
the FDC and the pro- 


cessor, via the data bus, the FDC must be serviced 
by the 


processor 
every 27 fJ.Sin the FM Mode, and every 13 fJ.sin 


the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status 
Register 
1 to a 1 (high), and terminates 
the Read 


Data Command. 
If the processor terminates 
a read (or write) operation 
in the 


FDC, 
then 
the 
ID Information 
in the 
Result 
Phase 
is 


dependent 
upon the state of the MT bit and EOT byte. Table 


2 shows the value for C, H, R, and N, when the processor 
terminates 
the Command. 


Final Sector 
10 Information 
at Result 


Transferred 
to 
Phase 


MT 
HO 
Processor 
C 
H 
R 
N 


0 
Less than EaT 
NC 
NC 
R + 1 
NC 


0 
Equal to EaT 
C + 1 
NC 
R = 01 
NC 


0 
1 
Less than EaT 
NC 
NC 
R + 1 
NC 


1 
Equal to EaT 
C+1 
NC 
R = 01 
NC 


0 
Less than EaT 
NC 
NC 
R+1 
NC 


0 
Equal to EaT 
NC 
LSB 
R = 01 
NC 


0 
1 
Less than EaT 
NC 
NC 
R+1 
NC 


1 
Equal to EaT 
C+1 
LSB 
R = 01 
NC 


Notes: 1. NC (No Change): The same value as the one at the 


beginning of command execution. 


2. LSB (Least Significant Bit): The least significant bit of 


H is complemented. 


Write Data 
A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command 
has been 


issued the FDC loads the head (if it is in the unloaded state), 
waits 
the specified 
Head 
Settling 
Time 
(defined 
in the 
Specify Command), 
and begins reading ID Fields. When all 


four bytes loaded during the command 
(C, H, R, N) match 


the four by1es of the ID field from the diskette, the FDC takes 
data from the processor 
byte-by-byte 
via the data bus, and 


outputs it to the FDD. 
After writing data into the current sector, the Sector Number 
stored in "R" is incremented 
by one, and the next data field 


is written into. The FDC continues 
this "Multi-Sector 
Write 
Operation" 
until the issuance of a Terminal Count signal. If 


a Terminal Count signal is sent to the FDC it continues writ- 
ing into the current sector to complete 
the data field. If the 
Terminal Count signal is received while a data field is being 
written then the remainder 
of the data field is filled with 00 


(zeros). 
The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRC) 
in one of the ID Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. 
(Status Register 0 also has bits 7 and 6 set to 0 


and 1 respectively.) 
The Write Command 
operates 
in much the same manner 


as the Read Command. 
The following 
items are the same, 
and one should refer to the Read Data Command for details: 


• Transfer Capacity 
• EN (End of Cylinder) 
Flag 


• ND (No Data) Flag 
• Head Unload Time Interval 
• ID Information 
when the processor terminates 
command 


(see Table 2) 
• Definition 
of DTL when N = 0 and when N i= 0 
In the Write Data mode, data transfers between the proces- 
sor and FDC, via the Data Bus, must occur every 27 fJ.Sin 
the FM mode, and every 13 fJ.sin the MFM mode. If the time 
interval between data transfers 
is longer than this then the 


FDC sets the OR (Over Run) flag in Status Register 1 to a 
1 (high), and terminates 
the Write Data Command. 
(Status 


Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 


Write Deleted Data 
This command 
is the same as the Write Data Command 


except a Deleted Data Address Mark is written at the begin- 
ning of the Data Field instead of the normal Data Address 
Mark. 


Read Deleted Data 
This command 
is the same as the Read Data Command 


except that when the FDC detects a Data Address Mark at 
the beginning 
of a Data Field and SK = 0 (low), it will read 


all the data in the sector and set the CM flag in Status Reg- 
ister 2 to a 1 (high), and then terminate 
the command. 
If SK 


= 1, then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 


Read A Track 
This command 
is similar to READ DATA Command 
except 


that this is a continuous 
READ operation 
where the entire 


Format 
Sector Size 
N 
SC 
GPLCD GPL<i)@ 


8" Standard 
Floppy 
128 bytes/sector 
00 
1A 
07 
1B 
256 
01 
OF 
OE 
2A 
512 
02 
08 
1B 
3A 


FM Mode 
1024 
03 
04 
47 
8A 
2048 
04 
02 
C8 
FF 
4096 
05 
01 
C8 
FF 


256 
01 
1A 
OE 
36 
512 
02 
OF 
1B 
54 


MFM 
1024 
03 
08 
35 
74 


Mode® 
2048 
04 
04 
99 
FF 
4096 
05 
02 
C8 
FF 
8192 
06 
01 
C8 
FF 
5'14" Minifloppy 


128 bytes/sector 
00 
12 
07 
09 
128 
00 
10 
10 
19 
256 
01 
08 
18 
30 


FM Mode 
512 
02 
04 
46 
87 


1024 
03 
02 
C8 
FF 
2048 
04 
01 
C8 
FF 


256 
01 
12 
OA 
OC 
256 
01 
10 
20 
32 


MFM 
512 
02 
08 
2A 
50 


Mode® 
1024 
03 
04 
80 
FO 
2048 
04 
02 
C8 
FF 


4096 
05 
01 
C8 
FF 
3'i2" Sony Micro Floppydisk® 


128 bytes/sector 
0 
OF 
07 
1B 


FM Mode 256 
1 
09 
OE 
2A 
512 
2 
05 
1B 
3A 


256 
1 
OF 
OE 
36 


MFM 
512 
2 
09 
1B 
54 
Mode® 


1024 
3 
05 
35 
74 


Table 3 


Notes: (j) Suggested values of GPL in Read or Write com- 
mands to avoid splice point between data field and 
10 field of contiguous sections. 


@ Suggested values of GPL in format command. 
Q) All values except sector size and hexidecimal. 


@) In MFM mode FOGcannot perform a Read/Write/ 


format operation with 128 bytes/sector. (N = 00) 


data field from each of the sectors 
are read. Immediately 
after encountering 
the INDEX HOLE, the FDC starts read- 
ing all data fields on the track, as continuous 
blocks of data. 
If the FDC finds an error in the ID or DATA CRC check bytes, 
it continues 
to read data from the track. The FDC compares 


the ID information 
read from each sector 
with the value 


stored in the IDR, and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. 
Multi-track 
or skip 


operations 
are not allowed with this command. 


This command 
terminates 
when number of sectors read is 


equal to EaT. If the FDC does not find an ID Address Mark 
on the diskette after it encounters 
the INDEX HOLE for the 


second 
time, then it sets the MA (missing 
address 
mark) 


flag in Status register 
1 to a 1 (high), and terminates 
the 


command. 
(Status Register 0 has bits 7 and 6 set to 0 and 


1 respectively.) 
Read 10 
The READ ID Command 
is used to give the present posi- 


tion of the recording 
head. The FDC stores the values from 


the first ID field it is able to read. 
f no proper ID Address 


Mark is found on the diskette, 
before the INDEX HOLE is 


encountered 
for the second 
time then the MA (Missing 


Address Mark) flag in Status Register 1 is set to a 1 (high), 
and if no data is found then the ND (No Data) flag is also set 
in Status 
Register 
1 to a 1 (high). The command 
is then 


terminated 
with Bits 7 and 6 in Status Register 0 set to 0 


and 1 respectively. 
During this command 
there is no data 


transfer 
between 
FDC and the CPU 
except 
during 
the 


result phase. 


Format A Track 
The Format Command 
allows an entire track to be format- 


ted. After the INDEX HOLE is detected, 
Data is written on 


the Diskette; 
Gaps, Address 
Marks, 
ID Fields and Data 


Fields, all per the IBM System 34 (Double Density) or Sys- 
tem 3740 (Single Density) 
Format are recorded. 
The par- 


ticular format which will be written is controlled by the values 
programmed 
into N (number of bytes/sector), 
SC (sectors/ 


cylinder), 
GPL (Gap Length), 
and D (Data Pattern) which 


are supplied by the processor during the Command 
Phase. 


The Data Field is filled with the Byte of data stored in D. The 
ID Field for each sector is supplied 
by the processor; 
that 


is, four data requests 
per sector are made by the FDC for 


C (Cylinder 
Number), 
H (Head Number), 
R (Sector Num- 


ber) anp N (Number 
of Bytes/Sector). 
This allows the dis- 


kette to be formatted 
with nonsequential 
sector numbers, 


if desired. 
The processor 
must send new values for C, H, R, and N to 


the FDC for each sector on the track. If FDC is set for DMA 
mode, it will issue 4 DMA requests per sector. If it is set for 
interrupt 
mode, it will issue four interrupts 
per sector and 


the processor 
must supply C, H, Rand N load for each sec- 


tor. The contents 
of the R register 
is incremented 
by one 
after each sector is formatted, 
thus, the R register contains 


a value of R when it is read during the Result Phase. This 
incrementing 
and formatting 
continues 
for the whole track 


until the FDC encounters 
the INDEX HOLE for the second 


time, whereupon 
it terminates 
the command. 


If a FAULT signal is received from the FDD at the end of a 
write operation, 
then the FDC sets the EC flag of Status 


Register 0 to a 1 (high), and terminates 
the command 
after 
setting bits 7 and 6 of Status Register 0 to 0 and 1 respec- 
tively. Also the loss of a READY signal at the beginning 
of 


a command 
execution 
phase causes bits 7 and 6 of Status 


Register 0 to be set to 0 and 1 respectively. 
Table 3 shows the relationship 
between N, SC, and GPL for 


various sector sizes: 


I 


Scan Commands 
The SCAN Commands 
allow data which is being read from 


the diskette 
to be compared 
against 
data which is being 


supplied from the main system. The FDC compares the data 
on a byte-by-byte 
basis, and looks for a sector of data which 


meets the conditions 
of DFDO = DpROCESSOR, 
DFDO ~ 
DpROCES. 
SOR'or DFDO 
'" 
DpROCESSOR· 
The hexidecimal 
byte of FF either 


from memory 
or from FDD can be used as a mask byte 


because it always meet the condition of the compare. Ones 


complement 
arithmetic 
is used for comparison 
(FF = larg- 


est number, 00 = smallest 
number). 
After a whole sector 


of data is compared, 
if the conditions 
are not met, the sector 


number is incremental 
(R + STP 
--> R), and the scan oper- 


ation is continued. 
The scan operation 
continues 
until one 


of the following conditions occur; the conditions for scan are 
met (equal, 
low, or high), the last sector 
on the track is 


reached (EaT), 
or the terminal count signal is received. 


If the conditions 
for scan are met then the FDC sets the SH 


(Scan Hit) flag Status Register 
2 to a 1 (high), and termi- 
nates the Scan Command. 
If the conditions 
for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EOT), then the FDC sets the SN 
(Scan Not Satisfied) 
flag of Status Register 2 to a 1 (high), 


and terminates 
the Scan Command. 
The receipt of a TER- 
MINAL 
COUNT 
signal from the Processor 
or DMA Con- 


troller 
during 
the scan 
operation 
will cause 
the FDC to 
complete 
the comparison 
of the particular 
byte which is in 
process, and then to terminate the command. Table 4 shows 
the status of bits SH and SN under various conditions 
of 
SCAN. 


COMMAND 
STATUS 
REGISTER 
2 
COMMENTS 
BIT2 
= SN 
BIT3 
= SH 


Scan Equal 
0 
1 
DFDD = 
DpAOCESSOA 


1 
0 
DFDO 
-=1= 
DpROCESSOA 


Scan Low or 
0 
1 
DFDO = DpRocEssoA 


Equal 
0 
0 
DFDO < DpROCESSOR 


1 
0 
DFDO > DpAOCESSOR 


Scan High or 
0 
1 
DFDO = 
DpAOCESSOR 


0 
0 
DFDo > 
DpAOCESSOR 
Equal 
1 
0 
DFDD < 
DpAOCESSOR 


Table 4 


If the FDC encounters 
a Deleted Data Address Mark on one 


of the sectors 
(and SK = 0), then it regards the sector as 


the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 2 to a 1 (high) and terminates 
the com- 


mand. If SK = 1, the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1), the FDC sets the CM (Control Mark) flag of Sta- 
tus Register 2 to a 1 (high) in order to show that a Deleted 
Sector had been encountered. 
When either the STP (contiguous 
sectors 
= 01, or alter- 


nate sectors 
= 02 sectors are read) or the MT (Multi-Track) 


are programmed, 
it is necessary 
to remember 
that the last 


sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered 
sequentially 
1 through 
26, and we start the Scan Command 
at sector 21; the fol- 
lowing will happen. Sectors 21,23 and 25 will [10 read, then 
the next sector (26) will be skipped and the :ndex Hole will 
be encountered 
before the EOT value of 26 can be read. 


This will result in an abnormal 
termination 
of the command. 


If the EOT has been set at 25 or the scanning 
started 
at 


sector 20, then the Scan Command 
would be completed 
in 


a normal manner. 
During the Scan Command 
data is supplied 
by either the 
processor 
or DMA Controller 
for comparison 
against 
the 


data read from the diskette. 
In order to avoid having the OR 


(Over Run) flag set in Status Register 
1, it is necessary 
to 


have the data available 
in less than 27 f.Ls(FM Mode) or 13 


f.Ls(MFM Mode). 
If an Overrun 
occurs the FDC ends the 


command 
with bits 7 and 6 of Status Register 0 set to 0 and 
1, respectively. 


Seek 
The read/write 
head within the FDD is moved from cylinder 


to cylinder 
under control of the Seek Command. 
FDC has 


four independent 
Present Cylinder Registers for each drive. 


They are clear only after Recalibrate 
command. 
The FDC 


compares 
the PCN (Present Cylinder Number) which is the 


current 
head position 
with the NCN (New Cylinder 
Num- 


ber), and if there 
is a difference 
performs 
the following 


operation: 
PCN < NCN: Direction 
signal to FDD set to a 1 (high), 


and Step Pulses are issued. (Step In.) 
PCN > NCN: Direction signal to FDD set to a 0 (low), and 
Step Pulses are issued. (Step Out.) 


The rate at which Step Pulses are issued is controlled 
by 


SRT (Stepping Rate Time) in the SPECIFY Command. After 
each Step Pulse is issued NCN is compared 
against PCN, 


and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register 0 to a 1 (high), and the command 
is ter- 


minated. 
At this point FDC interrupt 
goes high. Bits DBo- 


DB3 in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 
During the Command 
Phase of the Seek operation the FDC 
is in the FDC BUSY state, but during the Execution 
Phase 
it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another Seek Command 
may be issued, and 
in this manner 
parallel 
seek operations 
may be done on 
up to 4 Drives at once. No other command 
could be issued 
for as long as FDC is in process of sending Step Pulses to 
any drive. 
If an FDD is in a NOT READY state at the beginning 
of the 
command 
execution 
phase or during the seek operation, 


then the NR (NOT READY) flag is set in Status Register 0 
to a 1 (high), and the command 
is terminated 
after bits 7 


and 6 of Status Register 0 are set to 0 and 1 respectively. 
If the time to write 3 bytes of seek command 
exceeds 
150 
f.LS,the timing between first two Step Pulses may be shorter 
than set in the Specify command 
by as much as 1 ms. 


Recalibrate 
The function 
of this command 
is to retract the read/write 
head within the FDD to the Track 0 position. The FDC clears 
the contents 
of the PCN counter, and checks the status of 


the Track 0 signal from the FDD. As long as the Track 0 sig- 
nal is low, the Direction 
signal 
remains 
0 (low) and Step 
Pulses are issued. When the Track 0 signal goes high, the 
SE (SEEK END) flag in Status Register 0 is set to a 1 (high) 
and the command 
is terminated. 
If the Track 0 signal is still 
low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT 
CHECK) flags 


of Status Register 0 to both 1s (highs), and terminates 
the 
command 
after bits 7 and 6 of Status Register 0 is set to 0 
and 1 respectively. 
The ability 
to do overlap 
RECALIBRATE 
Commands 
to 
multiple 
FDDs 
and the 
loss of the 
READY 
signal, 
as 


described 
in the Seek 
Command, 
also 
applies 
to the 


RECALIBRATE 
Command. 


Sense Interrupt Status 
An Interrupt signal is generated 
by the FDC for one of the 


following 
reasons: 


1. Upon entering the Result Phase of: 


a. Read Data Command 
b. Read a Track Command 
c. Read ID Command 
d. Read Deleted Data Command 
e. Write Data Command 
f. Format a Cylinder Command 
g. Write Deleted Data Command 
h. Scan Commands 
2. Ready Line of FDD changes 
state 
3. End of Seek or Recalibrate 
Command 
4. During Execution 
Phase in the NON-DMA 
Mode 
Interrupts 
caused 
by reasons 
1 and 4 above occur during 


normal command 
operations 
and are easily discernible 
by 
the processor. 
During 
an execution 
phase 
in NON-DMA 
Mode, DB5 in Main Status Register is high. Upon entering 
Result Phase this bit gets clear. Reason 1 and 4 does not 
require Sense Interrupt 
Status command. 
The interrupt 
is 


cleared by reading/writing 
data to FDC. Interrupts 
caused 


by reasons 2 and 3 above may be uniquely 
identified with 


the aid of the Sense Interrupt Status Command. 
This com- 


mand when issued resets the interrupt 
signal and via bits 


5, 6, and 7 of Status Register 0 identifies 
the cause of the 


interrupt. 


SEEK 
INTERRUPT 


END 
CODE 
BITS 5 
BIT6 
BIT7 
CAUSE 


a 
1 
1 
Ready Line changed state, either 
polarity 
1 
a 
a 
Normal Termination of Seek or 
Recalibrate Command 


1 
1 
a 
Abnormal Termination of Seek or 
Recalibrate Command 


Neither the Seek or Recalibrate 
Command 
have a Result 
Phase. Therefore, 
it is mandatory 
to use the Sense Inter- 


rupt Status Command 
after these commands 
to effectively 


terminate them and to provide verification of where the head 
is positioned 
(PCN). 
Issuing Sense Interrupt Status Command 
without interrupt 
pending is treated as an invalid command. 


Specify 
The Specify Command 
sets the initial values for each of the 


three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution 
Phase of one of the 
ReadlWrite Commands 
to the head unload state. This timer 


is programmable 
from 16 to 240 ms in increments 
of 16 ms 


(01 = 16ms, 
02= 
32ms ... OF = 240 ms).The SRT(Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable 
from 1to 16 ms in incre- 


ments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The 
HLT (Head Load Time) defines the time between when the 
Head Load signal 
goes 
high and when the Read/Write 


operation 
starts. This timer is programmable 
from 2 to 254 


ms in increments 
of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 
ms ... 7F = 254ms). 
The time intervals mentioned 
above are a direct function of 


the clock (CLK on pin 19). Times indicated above are for an 
8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy 
application) 
then all time intervals are increased 
by a factor 


of2. 
The choice of DMA or NON-DMA 
operation 
is made by the 


ND (NON-DMA) bit. When this bit is high (ND = 1) the NON- 
DMA mode is selected, 
and when ND = 0 the DMA mode 


is selected. 


Sense Drive Status 
This command 
may be used by the processor 
whenever 
it 


wishes to obtain the status of the FDDs. Status Register 3 
contains 
the Drive Status 
information 
stored internally 
in 


FDC registers. 


Invalid 
If an invalid command 
is sent to the FDC (a command 
not 


defined above), then the FDC will terminate 
the command 


after bits 7 and 6 of Status 
Register 
0 are set to 1 and 0 


respectively. 
No interrupt 
is generated 
by the FDC 765A 


during this condition. 
Bit 6 and bit 7 (DIO and ROM) in the 


Main Status Register 
are both high ("1") indicating 
to the 


processor that the FDC is in the Result Phase and the con- 
tents of Status Register 
0 (STO) must be read. When the 


processor 
reads Status Register 0 it will find an 80 hex indi- 


cating an invalid command 
was received. 


A Sense Interrupt 
Status Command 
must be sent after aI 
Seek or Recalibrate 
Interrupt, 
otherwise 
the FDC will con- 


sider the next command 
to be an Invalid Command. 
- 
In some applications 
the user may wish to use this com- 


mand as a No-Op command, 
to place the FDC in a standby 


or no operation 
state. 


BIT 
NO. 
NAME 
SYMBOL 
DESCRIPTION 


D, 
Interrupt Code 
IC 
D, = a and D, = a 
Normal Termination of Command, (NT). Command was completed 
D, 
and properly executed. 
D, = a and D, = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not successfully 
completed. 
D, = 1 and D, = a 
Invalid Command issue, (IC). Command which was issued was 
never started. 
D, = 1 and D, = 1 
Abnormal Termination because during command execution the 
ready signal from FDD changed state. 


D5 
Seek End 
SE 
When the FDC completes the SEEK Command, this flag is set to 
1 (high). 
D, 
Equipment Check 
EC 
If a fault Signal is received from the FDD, or if the Track a Signal 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 


D, 
Not Ready 
NR 
When the FDD is in the not-ready state and a read or write 
command is issued, this flag is set. If a read or write command is 
issued to Side 1 of a single sided drive, then this flaq is set. 


D2 
Head Address 
HD 
This flaq is used to indicate the state of the head at Interrupt. 


D, 
Unit Select 1 
US1 
These flags are used to indicate a Drive Unit. Number at Interrupt. 
Do 
Unit Select a 
usa 


BIT 


NO. 
NAME 
SYMBOL 
DESCRIPTION 


STATUS 
REGISTER 
1(CO NT.) 
0, 
End of Cylinder 
EN 
When the FDC tries to access 
a Sector 
beyond 
the final Sector 
of a 


Cylinder, 
this flag is set. 


0, 
Not used. This bit is always 0 (low). 


0, 
Data Errror 
DE 
When the FDC detects 
a CRC error in either the 10field or the data 


field, this flag is set. 


0, 
OverRun 
OR 
If the FDC is not serviced 
by the main-systems 
during 
data 
transfers, 
within 
a certain 
time interval, 
this flag is set. 


03 
Not used. This bit always 0 (low). 
0, 
No Data 
NO 
During execution 
of READ 
DATA, WRITE 
DELETED 
DATA or 


SCAN Command, 
if the FDC cannot 
find the Sector 
specified 
in the 


lOR Register, this flag is set. 


During executing 
the READ 10Command, 
if the FDC cannot 
read 


the 10field without 
an error, then this flaq is set. 


During the execution 
of the READ A Cylinder 
Command, 
if the 
starting 
sector cannot 
be found, 
then this flag is set. 
0, 
Not Writable 
NW 
During execution 
of WRITE 
DATA, WRITE 
DELETED 
DATA or 
Format A Cylinder 
Command, 
if the FDC detects 
a write protect 


signal from the FDD, then this flag is set. 


Do 
Missing 
Address 
Mark 
MA 
If the FDC cannot 
detect the 10Address 
Mark after encountering 


the index hole twice, then this flag is set. 


If the FDC cannot 
detect the Data Address 
Mark or Deleted 
Data 


Address 
Mark, this flag is set. Also at the same time, the MD 
(Missing 
Address 
Mark in Data Field) of Status 
Register 
2 is set. 


STATUS 
REGISTER 
2 
0, 
Not used. This bit is always 0 (low). 
0, 
Control 
Mark 
CM 
During executing 
the READ DATA or SCAN Command, 
if the FDC 


encounters 
a sector which contains 
a Deleted 
Data Address 
Mark, 


this flag is set. 


0, 
Data Error in Data Field 
DO 
If the FDC detects 
a CRC error in the data field then this flaq is set. 


0, 
Wrong 
Cylinder 
WC 
This bit is related with the NO bit, and when the contents 
of C on the 


medium 
is different 
from that stored 
in the lOR, this flaq is set.· 


03 
Scan 
Equal 
Hit 
SH 
During execution, 
the SCAN Command, 
if the condition 
of "equal" 


is satisfied, 
this flag is set. 


0, 
Scan Not Satisfied 
SN 
During executing 
the SCAN Command, 
if the FDC cannot 
find a 


Sector on the cylinder 
which 
meets the condition, 
then this flag 


is set. 


0, 
Bad Cylinder 
BC 
This bit is related with the NO bit, and when the content 
of C on the 


medium 
is different 
from that stored 
in the lOR and the content 
of C 


is FF, then this flaq is set. 


Do 
Missing 
Address 
Mark 
MD 
When data is read from the medium, 
if the FDC cannot 
find a Data 


in Data Field 
Address 
Mark or Deleted 
Data Address 
Mark, then this flag is set. 


STATUS 
REGISTER 
3 


0, 
Fault 
FT 
This bit is used to indicate 
the status 
of the Fault signal from 
the FDD. 
0, 
Write Protected 
WP 
This bit is used to indicate 
the status 
of the Write Protected 
signal 


from the FDD. 
0, 
Ready 
RY 
This bit is used to indicate 
the status of the Ready signal from 
the FDD. 
0, 
Track 0 
TO 
This bit is used to indicate 
the status of the Track 0 signal from 
the FDD. 
03 
Two Side 
TS 
This bit is used to indicate 
the status of the Two Side signal 
from 


the FDD. 


0, 
Head Address 
HD 
This bit is used to indicate 
the status 
of Side Select 
signal 
to the FDD. 


0, 
Unit Select 
1 
US1 
This bit is used to indicate 
the status 
of the Unit Select 
1 signal 


tothe 
FDD. 


Do 
Unit Select 
0 
usa 
This bit is used to indicate 
the status 
of the Unit Select 
0 signal 


tothe 
FDD. 


PROCESSOR 
INTERFACE 
Ouring Command 
or Result Phases the Main Status Reg- 


ister (described 
earlier) 
must 
be read by the processor 


before each byte of information 
is written into or read from 


the Oata Register. After each byte of data read or written to 
Oata Register, CPU should wait for 12 f.Lsbefore reading 
MSR. Bits 06 and 07 in the Main Status Register must be 
in aO and 1 state, respectively, 
before each byte of the com- 


mand word may be written 
in the FOC. Many of the com- 


mands require multiple bytes, and as a result the Main Status 
Register must be read prior to each byte transfer to the FOC. 
On the other hand, during the Result Phase, 06 and 07 in 
the Main Status Register must both be 1's (06 = 1 and 07 
= 1) before reading each byte from the Oata Register. Note, 
this reading of the Main Status Register before each byte 
transfer to the FOC is required 
in only the Command 
and 


Result Phases, and NOT during the Execution 
Phase. 
Ouring the Execution Phase, the Main Status Register need 
not be read. If the FOC is in the NON-OMA 
Mode, then the 


receipt of each data byte (if FOC is reading data from FOO) 
is indicated 
by an Interrupt si~1 
on pin 18 (INT = 1). The 


generation 
of a Read signal (RO = 0) or Write signal (WR 


= 0) will reset the Interrupt as well as output the Oata onto 
the Oata bus. If the processor 
cannot handle Interrupts fast 


enough (every 13 f.Ls)for MFM and 27 f.Lsfor FM mode, then 
it may poll the Main Status Register and then bit 07 (ROM) 
functions just like the Interrupt signal. If a Write Command 
is in process then the WR signal performs 
the reset to the 


Interrupt signal. 


If the FOC is in the OMA Mode, no Interrupts are generated 
during the Execution 
Phase. The FOC generates 
ORO's 


(OMA Requests) 
when each byte of data is available. 
The 


OMA Controller 
responds to this reMest 
with both a OACK 


= 0 (OMA Acknowledge) 
and a RO = 0 (Read signal). 
When the OMA Acknowledge 
signal goes low (OACK = 0) 
then the OMA Request is reset (ORO = 0). If a Write Com- 
mand has been programmed 
then a WR signal will appear 


instead of RO. After the Execution 
Phase has been com- 


pleted (Terminal 
Count has occurred) 
or EaT sector was 


read/written, 
then an Interrupt will occur (INT = 1). This sig- 


nifies the beginning 
of the Result Phase. When the first byte 


of data is read during 
the Result 
Phase, the Interrupt 
is 


automatically 
reset (INT = 0). 


It is important 
to note that during the Result Phase all bytes 


shown in the Command Table must be read. The Read Oata 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success- 
fUlly complete 
the Read Oata Command. 
The FOC will not 


accept a new command until all seven bytes have been read. 
Other commands 
may require fewer bytes to be read during 


the Result Phase. 
The FOC contains 
five Status Registers. 
The Main Status 


Register mentioned 
above may be read by the processor 
at 


any time. The other four Status Registers 
(STO, ST1, ST2, 


and ST3) are only available 
during the Result Phase, and 


may be read only after completing 
a command. 
The partic- 


ular command 
which has been executed 
determines 
how 


many of the Status Registers will be read. 
The bytes of data which are sent to the FOC to form the 
Command 
Phase, and are read out of the FOC in the Result 


Phase, 
must occur 
in the order shown 
in the Command 


Table. That is, the Command 
Code must be sent first and 


the other bytes sent in the prescribed 
sequence. 
No fore- 


shortening 
of the Command 
or Result Phases are allowed. 


After the last byte of data in the Command 
Phase is sent to 


the FOC, the Execution 
Phase automatically 
starts. 
In a 


similar fashion, when the last byte of data is read out in the 
Result Phase, the command 
is automatically 
ended and the 


FOC is ready for a new command. 


POLLING 
FEATURE OF THE FDC765A/7265 
After the Specify command 
has been sent to the FOC, the 


Unit Select line USO and US1 will automatically 
go into a 
• 
polling 
mode. 
In between 
commands 
(and between 
step 


pulses in the SEEK command) 
the FOC polls all four FOO's 
_ 
looking for a change in the Ready line from any of the drives. 
If the Ready line changes state (usually due to a door open- 
ing or closing) then the FOC will generate an interrupt. When 
Status Register 0 (STO) is read (after Sense Interrupt 
Sta- 
tus is issued). Not Ready (NR) will be indicated. The polling 
of the Ready line by the FOC occurs continuously 
between 


commands, 
thus notifying 
the processor 
which drives are 


on or off line. Each drive is polled every 1.024 ms except 
during the ReadlWrite 
commands. 


Inputs are driven at 2.4V for a logic "1" and O.45V for a logic "0." Timing measure- 
ments are made at 2.QV for a logic "1" and a.BV for a logic "0." 


Clocks are driven at 3.DV for a logic "1" and O.3V for a logic "0." Timing measure· 
ments are made at 2.4V for a logiC "1" and O.65V for a logic "0." 


TIMING DIAGRAMS 


PROCESSOR 
READ 
OPERATION 


AOCsOACK =x 
~"" _ 


TAR~ 
,_ 
----...J 
I-TAIJ. 


RO~TRR--if 
i---' 
-: 
'--TOF 


OATA 
~ 
~R~~ 
:j 
_ 


~TR'~ 'l 


'I 
I 
I--'- TCY--l 
I 
I 
i 
I 
I, ,I 
~ 
t--Tcp 
~---!E'" 
'I 
PRESHIFTOOR 
~""'---T'=~- 


-, 
~TCO 
, 
I 


I 
, 
II-l ~TF 
TR-.-: ~ 


WRITE 
ENABLE 
~ 


I 
, 00 I 
:~l¢O! 
OR ---, 
I-- ,r--, 
I ---! ~?F 


I 
I---Tco 


PRE$HIFT 
0 
PRE$HIFT 
1 


NORMAL 
0 
0 


LATE 
0 
1 


EARLY 
, 
0 


INVALID 
, 
, 
I 


WCK 
1------1 '-- 
-j'CWHI- 
-j'CWLI- 


ELECTRICAL 
CHARACTERISTICS 


ABSOLUTE 
MAXIMUM 
RATINGS' 


Operating 
Temperature. 
. 
. . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
- 10°C to + 70°C 
Storage 
Temperature. 
. . . 
. 
- 55°c to + 150°C 
All Output 
Voltages. 
. . 
. . . . . . . . . . . .. .• . .. . . . . . . . . . . 
. . . . . . . . . . . . . . . .. . .. 
- 0.5 to + 7 Volts 
All Input Voltages 
. .. . . . . . . . . . 
.. 
- 0.5 to + 7 Volts 
Supply 
Voltage 
Vcc 
- 0.5 to + 7 Volts 


Power Dissipation. 
. . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. 
1 Watt 


COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not· 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


LIMITS 
TEST 
PARAMETER 
SYMBOL 
MIN 
TYPCD 
MAX 
UNIT 
CONDITIONS 


Input Low Voltage 
V" 
-0.5 
0.8 
V 


Input High Voltage 
V,H 
2.0 
Vcc + 0.5 
V 


Output 
Low Voltage 
VOL 
0.45 
V 
10L= 2.0 mA 


Output 
High Voltage 
VOH 
2.4 
Vee 
V 
10H= 
-200 
J.LA 


Input Low Voltage 
VIL(~} 
-0.5 
0.65 
V 


(CLK 
+ WR Clock) 


Input High Voltage 
V1Hlo:!>l 
2.4 
Vee + 0.5 
V 


(CLK 
+ WR Clock) 


Vee Supply 
Current 
Ice 
150 
mA 


Input Load Current 
III 


10 
J.LA 
V1N = Vcc 
(All Input Pins) 
-10 
J.LA 
V'N = OV 
High Level Output 
Leakage 
Current 
ILOH 
10 
J.LA 
VOUT = Vcc 


Low Level Output 
Leakaae 
Current 
lLOL 
-10 
J.LA 
VOUT= 
+0.45V 


LIMITS 
TEST 
PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
CONDITIONS 


Clock 
Input Capacitance 
GIN 
..1-\ 
20 
pF 
All Pins Except 
Pin 
Input Capacitance 
C'N 
10 
pF 
Under Test Tied to 


Output 
Capacitance 
GOUT 
20 
pF 
ACGround 


liMITS 


765A,7265 
765A-2,7265-2 
TEST 
PARAMETER 
SYMBOL 
MIN 
TYP<D 
MAX 
MIN 
TYP<D 
MAX 
UNIT 
CONDITIONS 


Clock Period 
oI>c" 
120 
125 
500 
120 
125 
500 
ns 


Clock Active (High, low) 
01>, 
40 
40 
ns 


Clock Rise Time 
01>, 
20 
20 
ns 


Clock Fall Time 
01>, 
20 
20 
ns 


Ao. CS. DACK Set Up Time to 1m 1 
TAR 
0 
0 
ns 


Ao. CS. l5liCR Hold Time from 1m T 
TRA 
0 
0 
ns 


RDWidth 
TRR 
250 
200 
ns 


Data Access Time from RD 1 
TRo 
200 
140 
ns 
CL 
~ 
100pF 


DB to Float Delay Time from 1m T 
To, 
20 
100 
10 
85 
ns 
CL 
~ 
100pF 


Ao. CS, l5liCR Set Up Time to WI'! 1 
TAW 
0 
0 
ns 


Ao. CS, l5ACK Hold Time to WI'! T 
TWA 
0 
0 
ns 


WRWidlh 
Tww 
250 
200 
11S 


Data Set Up Time to WI'! T 
Tow 
150 
100 
ns 


Data Hold Time from WI'! T 
Two 
5 
0 
ns 


INT Delay Time from RD T 
TR, 
500 
400 
ns 


INT Delav Time from WR r 
Tw, 
500 
400 
ns 


DRO Cycle Time 
TMCY 
13 
13 
ILS 
DRO Delay Time from l5ACK 1 
TAM 
200 
140 
ns 


DRO T to l5liCR 1 Delay 
TMA 
2 
2 
oI>e" 


l5liCR width 
TAA 
2 
2 
oI>c" 


TCWidth 
TTc 
1 
1 
oI>c" 


Reset Width 
lAST 
14 
14 
oI>e" 


16 
16 
MFM ~ 0 
5V4" 


8 
8 
MFM = 1 
5V.' 


8 
8 
MFM ~ 0 
8" 


WCK CYCLE TIME 
TWCKCY 


4 
4 
MFM ~ 1 
8" 


8 
8 
oI>cv 
MFM = 0 
3W(5) 


4 
4 
MFM ~ 1 
3","(5) 


16 
16 
MFM ~ 0 
3"'"® 


8 
8 
MFM ~ 1 
3"'"® 


WCK Active Time (High) 
T, 
80 
250 
350 
80 
250 
350 
ns 


ClK T to WCK T Delay 
TCWH 
0 
40 
0 
40 
ns 


ClK T to WCK 1 Delay 
TCWl 
0 
40 
0 
40 
ns 


WCK Rise Time 
T, 
20 
20 
ns 


WCKFaliTime 
T, 
20 
20 
ns 


Pre-Shift Delay Time from WCK T 
Tcp 
20 
100 
20 
100 
ns 


WDA Delav Time from WCK T 
TeD 
20 
100 
20 
100 
ns 


RDD Active Time (High) 
TROD 
40 
40 
ns 


Window Cycle Time 
Twcy 
2.0 
2.0 
MFM - 
0 
1.0 
1.0 
ILS 
MFM = 1 


Window Hold Time to/from ROD 
TROW 
15 
15 
ns 
TWRO 


US" 
Hold Time to l'iW/SEEK 
T 
T,,, 
12 
12 
ILs 


SEEKlRW 
Hold Time to LOW 
Tso 
7 
7 
ILS 


CURRENT/DIRECTION 
T 


LOW CURRENTIDIRECTION 
Hold 


Time to FAULT 
TOST 
1.0 
1.0 
ILS 
RESET/STEP 
T 
8 MHz Clock Period 
US" 
Hold Time from FAULT RESET/ 
T5TU 
5.0 
5.0 
IJ.S 


STEP T 


STEP Active Time (High) 
TSTP 
6.0 
7.0 
8.0 
6.0 
7.0 
8.0 
ILS 


STEP Cycle Time 
Tse 
33 
Q) 
Q) 
33 
Q) 
Q) 
IJ.S 


FAULT RESET Active Time (High) 
TFR 
8.0 
10 
8.0 
10.0 
ILS 


Write Data Width 
Twoo 
To'so 
To'so 
ns 


US, , Hold Time After SEEK 
Tsu 
15 
15 
ILS 


Seek Hold Time from DIR 
Tos 
30 
30 
ILs 
8 MHz Clock Period 


DIR Hold Time after STEP 
TSlO 
24 
24 
ILS 
Index Pulse Width 
T10x 
10 
4 
oI>ey 
1m 1 Delay from DRO 
TMR 
800 
800 
ns 


WR 1 Delay from DRO 
TMw 
250 
250 
ns 
8 MHz Clock Period 


~ 
or RD Response Time from DRO T 
TMAW 
12 
12 
IJ.S 


NOTES: <D~ Typical values for TII = 25°C and nominal supply voltage. 


(2)The former value of 2 and 1 are applied to Standard Floppy, and the 
latter value of 4 and 2 are applied to Mini-floppy. 


@ Under Software Control. The range is from 1 ms to 16 ms at 8 MHz 
Clock Period, and 2 to 32 ms at 4 MHz Clock Period. 


@ For mini-floppy applications, 
$CY must be 4 mHz. 


(5)Sony microfloppy 3W' drive (8" compatible). 
CIDSony microfloppy 
31/2" drive (5V." compatible). 


I 
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~~ 
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_ 
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INT 
'L 


I 


1~ 
I 


.1 


FLT RESET 


I 
I 


FAULTRESET< 
~ 


FILE UNSAFERESET 
: 
I 
~ 
TFR 
~ 


INDEX 


~ 
I TIOX 
I 
TIOX 
I 
H~ 


TERMINAL 
COUNT 
----n- 
-1 
!--TTC 


READ DATA --J"\ 
f\i~I 
_ 


---J 
I__ 
TRDD 
I-TWRD-j 
:-TRDW-j 


I 
I 
I 
I 
I 
:U-- 


1 


' 


READ DATA WINDDW~~~~~~~~~~~~~~~~=X 
~ 


Note: 
Either polarity 
data window 
is valid. 
I.. 
TWCY 
., i 


RESET 


RESET P 
---:=j ~ 


Circuit 
diagrams utilizing 
SMC products 
are included 
as a means of illustrating·typical 
semiconductor 
applica- 


tions; 
consequently 
complete 
information 
sufficient 
for construction 
purpoSes is not necessarily 
given. The 


information 
has been carefully 
checked 
and is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is 


assumed lor inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the semiconductor 


devices described 
any license under the patent rights of SMC or others. SMC reserves the right to make changes 


at any time in order to improve 
design and supply the best product 
possible. 


STANDARD 
MICROSYSTEMS 


CORPORATION"J 
2 


FOC 1791-02 
FOC 1792-02 
FOC 1793-02 
FOC 1794-02 
FOC 1795-02 
FOC 1797-02 
j1PC FAMILY 


Floppy Oisk 
Controller/Formatter 
FOC 


FEATURES 
o SOFT SECTOR 
FORMAT COMPATIBILITY 
o AUTOMATIC 
TRACK 
SEEK WITH VERIFICATION 
o ACCOMMODATES 
SINGLE 
AND DOUBLE 


DENSITY 
FORMATS 


IBM 3740 Single Density (FM) 
IBM System 34 Double Density (MFM) 
o READ MODE 


Single/Multiple 
Sector Read with Automatic 
Search 


or Entire Track Read 


Selectable 
128 Byte or Variable Length Record 


o WRITE MODE 


Single/Multiple 
Sector Write with Automatic 
Sector 


Search 
Entire Track Write for Diskette Initialization 
o PROGRAMMABLE 
CONTROLS 


Selectable Track to Track Stepping Time 
Side Select Compare 
o SYSTEM COMPATIBILITY 


Double Buffering 
of Data 8 Bit Bi-Directional 
Bus for 


Data, Control 
and Status 


DMA or Programmed 
Data Transfers 


All Inputs and Outputs are TTL Compatible 
On-chip Track and Sector Registers/Comprehensive 


Status Information 
o WRITE PRECOMPENSATION 
(MFM AND FM) 
o SIDE SELECT 
LOGIC 
(FOC 1795, FDC 1797) 
o WINDOW 
EXTENSION 
(IN MFM) 


NC 
~ 
40 


WE 
39 


cs 
38 


Ai" 
37 
Ao 
36 
A, 
35 


DALO' 
34 


DAL l' 
8 
33 


DAL2' 
9 D32 


DAL 3' 
10 
31 


DAL4' 
11 
30 


DAL 5' 
12 
29 


DAL 6' 
13 
28 


DAL 7' 
14 
27 
STEP 
15 
26 


DIRC 
16 
25 


EARLY 
17 
24 
LATE 
18 
23 


MR 
19 
22 


GND 
[ 20 
21 


+12V 
INTRQ 
DRQ 
DDEN" 
WPRT 
iP 
TROO 
WF 
READY 
WD 
WG 
TG43 
HLD 
RAW READ 
RCLK 
RG/SSO 
CLK 
HLT 
TEST 
+5V 
I 
'INVERTED BUS FOR FDC 1791, FDC 1792, FDC 1795 
"MUST 
BE LEFT OPEN FOR FDC 1792 and FDC 1794 


PACKAGE: 40 pin D.I.P. 


o INCORPORATES 
ENCODING/DECODING 
AND ADDRESS 
MARK CIRCUITRY 
o COMPATIBLE 
WITH F0179X-02 
o COPLAMOS® 
n-CHANNEL 
MOS TECHNOLOGY 


o COMPATIBLE 
WITH THE FDC 9216 FLOPPY DISK 


DATA SEPARATOR 


GENERAL 
DESCRIPTION 


The FDC 179X is an MOS/LSI device which performs the 
functions 
of a Floppy 
Disk 
Controller/Formatter 
in a 


single 
chip 
implementation, 
The basic FDC 179X chip 


design 
has evolved 
into 
six specific 
parts: 
FDC 1791, 
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the 
FDC1797. 


This 
FDC family 
performs 
all the functions 
necessary 


to read or write data to any type of floppy 
disk drive. 
Both 
8" and 
5'1'" 
(mini-floppy) 
drives 
with 
single 
or 


double 
density 
storage 
capabilities 
are supported. 


These n-channel 
MOS/LSI 
devices will replace a large 


amount 
of discrete 
logic required for interfacing 
a host 


processor 
to a floppy 
disk. 


The FDC 1791 is IBM 3740 compatible 
in single density 


mode (FM) and System 34 compatible 
in double density 


mode 
(MFM). 
The FDC 1791 contains 
enhanced 
fea- 


tures 
necessary 
to read/write 
and format 
a double 


density diskette. These include address mark detection, 
FM and 
MFM encode 
and decode 
logic, 
window 
ex- 


tension, 
and write precompensation. 


The FDC 1793 is identical 
to the FDC 1791 except the 


DAL 
lines 
are TRUE 
for 
systems 
that 
utilize 
true 


data busses. 


The FDC 1792 operates in the single density mode only. 
Pin 37 (DDEN) 
of the FDC 1792 must be left open for 


proper 
operation, 
The 
FDC 
1794 is identical 
to the 


FDC 1792 except the DAL lines are TRUE for systems 
that 
utilize true data busses. The FDC 1795 adds side 


select 
logic 
to the FDC 1791. The FDC 1797 adds the 


side select logic to the FDC 1793. 


The processor 
interface consists of an 8 bit bidirectional 


bus for data, status, 
and control 
word 
transfers. 
This 


family 
of controllers 
is configured 
to operate 
on a 


multiplexed 
bus with other bus-oriented 
devices, 
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STANDARD MICROSYSTEMS 
CORPORATIONt 
FDC72C65/66 


PRELIMINARY 


Single/Double Density 
Floppy Disk Controller 


FEATURES 
o IBM-compatible 
format (single, 
double and quad density) 
(FOC72C65) 
o Sony (EMCA)-compatible 
recording 


format (FDC72C66) 
o Multi-sector 
and multi-track 
transfer 


capability 
o Drive Up to 4 floppy or micro 


floppydisk 
drives 
o Data scan capability-will 
scan a 


single sector or an entire cylinder 
comparing 
byte-for-byte 
host 


memory and disk data 
o Data transfers 
in DMA or 


non-DMA 
mode 
o Programmable 
stepping 
rate, head 


load and head unload times 
o Parallel seek operations 
on up to 


four drives 
o Compatible 
with IJ-PD8080/85, 
IJ-PD8086/88, IJ-PD80186/286/386 
and Z80' microprocessors 
o Single-phase 
clock 8 MHz (standard 


floppy) or 4 MHz (minifloppy) 
o CMOS technology 
o Single + 5V ± 10% power supply. 


DB, 
DB, 
DB, 
DB, 
DB, 
DBs 
DB, 
DB, 
ORO 
~ 


TC 


65 
43.2,14443424140 


7 
39 
8 
38 
9 
37 
10 
36 


11 
35 
12 
34 
13 
33 
14 
32 


15 
31 
16 
30 
17 
29 
1819202122232425262!2e 


ROY 
WP/TS 
FlT/TR, 
PS, 
PS, 


WDA 
US, 
US, 
SIDE 
MFM 
WE 


GENERAL 
DESCRIPTION 


The FDC72C65 
is an LSI floppy disk controller 
(FOC) chip 


which contains 
the circuitry 
and control functions 
for inter- 


facing a processor 
to 4 floppy disk drives. It is capable 
of 


either IBM 3740 single density format (FM), or IBM System 
34 double 
density 
format 
(MFM) 
including 
double-sided 


recording. 
The FDC 72C65 provides control signals which 


simplify 
the design of an external 
phase-locked 
loop and 


write 
precompensation 
circuitry. 
The FDC simplifies 
and 


handles most of the burdens associated 
with implementing 


a floppy disk interface. 


The FDC72C66 
is an addition 
to the FDC family that has 


been designed 
specifically 
for the Sony Micro FloppY-disk" 


drive. The 
FDC72C66 
is pin-compatible 
and electrically 


equivalent 
to the 72C65 but utilizes the Sony recording for- 


mat. The FDC72C66 
can read a diskette that has been for- 


matted by the FDC72C65. 


Hand-shaking 
signals 
are provided 
in the FDC72C651 


FDC72C66 
which 
make DMA operation 
easy to incorpo- 


rate with the aid of an external DMA controller chip, such as 
the IJ-PD8257. The FDC will operate 
in either the DMA or 


non-DMA mode. In the non-DMA 
mode the FDC generates 


interrupts 
to the processor 
every time' a data byte is to be 


transferred. In the DMA mode, the processor need only load 
the command 
into the FDC and all data transfers 
occur 


under control of the FDC and DMA controllers. 


RESET 
I'm 
WI'ics 
Ao 


DB, 
DB, 
DB, 
DB, 
DB, 
DB, 
DB, 
DB, 
ORO 


i'ii'iCK 


TC 
lOX 
INT 
ClK 
GND 


Vcc 
I'iW/SEEK 
lCT/DIR 
FRlSTP 
HDl 
ROY 
WP/TS 
FlT/TR" 
PS, 
PS, 
WDA 
US, 
US, 
SIDE 
MFM 
WE 
SYNC 
ROD 
ROW 
WCK I 


The FDC is designed 
using CMOS technology. 
In addition 


to a low normal operating 
current, a standby 
mode can be 


software-enabled 
to provide minimal current drain when the 


FDC is not in use. 
Address mark detection circuitry is internal to the FDC which 
simplifies the phase-locked 
loop and read electronics. 
The 
track stepping 
rate, head load time, and head unload time 


are user-programmable. 
The FDC72C65/FDC72C66 
offers 


additional 
features 
such as multi-track 
and multi-side 
read 


and 
write 
commands 
and 
single 
and 
double 
density 


capabilities. 
There are 18 commands 
which the FDC72C65/FDC72C66 


will execute. Each of these commands 
requires multiple 8- 


bit bytes to fully specify the operation 
which the processor 
wishes the FDC to perform. 
The following 
commands 
are 


available: 


Read Data 
ReadlD 
Specify 
Read Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Set Standby 
Reset Standby 


Read Deleted Data 
Write Data 
Format Track 
Write Deleted Data 
Seek 
Recalibrate 
Sense Interrupt Status 
Sense Drive Status 
Software 
Reset 


080-08, 
~ 


Read! 
Write I 
OMA 
Control 
logIe 


_ 
WRClock 


WR Data 


WR Enable 


PreshlftO 


Preshltt1 


<=G 


_ReedY 


Input 
- 
Low Current/Direction 


Port 
_ 
Index 


+--- 
Fault/Track 
0 


Unit $elect 
0 


Unit $elect 
1 


MFMMode 


RW/Seek 


Head 
Load 


Head 
Select 


Write 
Protect/TWo 
Sjde 


Fault Reset/Step 


PIN 
INPUT/ 
CONNECTION 


NO. 
SYMBOL 
NAME 
OUTPUT 
TO 
FUNCTION 


1 
RESET 
Reset 
Input 
Processor 
A high input places the FDC72C65/72C66 
in 
standby 
mode and sets drive interface 
outputs 
to 


low level (except 
PSa, PS" 
and WDATA). 
In the 


main system, 
INT and ORO are set to low level, 


and DBa-DB, are set as inputs. 


2 
RD 
Read control 
Input 
Processor 
The RD input allows the transfer 
of data from the 


FDC to the data bus when 
low. Disabled 
when 


CSis 
high. 


3 
WR 
Write control 
Input 
Processor 
The WR input allows the transfer 
of data to the 


FDC from the data bus when 
low. Disabled 
when 


CSishigh. 


4 
CS 
Chip select 
Input 
Processor 
The FDC is selected 
when CS is low, enabling 


RD, WR, and A,. 


5 
A, 
Data or status 
select 
Input 
Processor 
The A, input selects 
the data register 
(A, = 1) or 


status 
register 
(A, = 0) contents 
to be sent to the 


data bus. 


6-13 
DBa-DB, 
Bidirectional 
data bus 
Input 
Processor 
DBa-DB, are a bidirectional 
three-state 
B-bit data 


Output 
bus. Disabled 
when CS is high. 


14 
ORO 
DMArequest 
Output 
DMA 
The FDC asserts 
the ORO output 
high to request 


a DMA transfer. 


15 
l5ACK 
DMA acknowledge 
Input 
DMA 
When the l5ACK input is low, a DMA cycle is 
active and the controller 
is performing 
a DMA 


transfer. 


16 
TC 
Terminal 
count 
Input 
DMA 
When the TC input is high, it indicates 
the 
termination 
of a DMA transfer. 
It terminates 
data 


transfer 
during 
Read/Write/Scan 
commands 
in 


DMA or interrupt 
mode. 


17 
IDX 
Index 
Input 
FDD 
The IDX input goes high at the beginning 
of a 
disk track. 
- 


18 
INT 
Interrupt 
request 
Output 
Processor 
The INT output 
is FDC's 
interrupt 
request. 


19 
CLK 
Clock 
Input 
Clock 
CLK is the input forthe 
FDC's single-phase, 
8 MHz 


(standard 
floppy) 
or 4 MHz (mini floppy) 
clock. 


20 
GND 
Ground 
Ground. 


21 
WCK 
Write clock 
Input 
Data Separator 
The WCK input sets the data read and write rate. 


or 
Synchronize 
the rising edge of WCK with the 
Clock 
rising edge of CLK. 
FM = 16 CLK cycles; 


Generator 
MFM = 8 CLK cycles. 


22 
RDW 
Read data window 
Input 
Phase 
Lock 
The RDW input is generated 
by the VFO circuit. 
It 


Loop 
is used to sample 
clock and data bits of RDD. 


23 
RDD 
Read data 
Input 
FDD 
The RDD input is the read data from the FDD, 
containing 
clock and data bits. Input RDD and 
RDW during 
a data read, or the FDC will enter a 


deadlock 
state. 


24 
SYNC 
VCOsync 
Output 
Phase 
Lock 
SYNC outputs 
the functional 
mode of the FDC. A 


Loop 
high output 
indicates 
read and a low output 
inhibits 
read. 


25 
WE 
Write enable 
Output 
FDD 
The WE output 
enables 
write data into the FDD. 


26 
MFM 
MFM 
Output 
Phase 
Lock 
The MFM output 
shows 
the FDC's 
mode. 
It is 


Loop 
high for MFM, low for FM. 


27 
SIDE 
Side select 
Output 
FDD 
Head 1 is selected 
when 
the SIDE output 
is 1 
(high), 
head 0 is selected 
when 
SIDE is 0 (low). 


28,29 
US"US, 
FDD unit select 
Output 
FDD 
The US, and US, outputs 
select the floppy 
disk 


drive unit. 


30 
WDA 
Write data 
Output 
FDD 
WDA is the serial clock and data output 
to the 
FDD. 


31,32 
PS" 
PS, 
Preshift 
Output 
FDD 
The PS, and PS, outputs 
are the write 
precompensation 
status for MFM mode. They 


determine 
early, late, and normal 
times. 


33 
FLTfTR, 
FaulVtrack 
zero 
Input 
FDD 
In the read/write 
mode, the FLT input detects 


FDq fault conditions. 
In the seek mode, 
TR, 


detects 
track O. 


34 
WPfTS 
Write protecVtwo 
side 
Input 
FDD 
In the read/write 
mode, the WP input senses 


write protected 
status. 
In the seek mode, TS 
senses 
two-sided 
media. 


35 
RDY 
Ready 
Input 
FDD 
The RDY input indicates 
that the FDD is ready to 


receive. 
. 


36 
HDL 
Head load 
Output 
FDD 
The HDL output 
is the command 
which 
causes 


the read/write 
head in the FDD to contact 
the 


diskette. 


37 
FR/STP 
Fault reseVstep 
Output 
FDD 
In the read/write 
mode, the FR output 
resets the 


fault flip-flop 
in the FDD. In the seek mode, 
STP 


outputs 
step pulses to move thll head to another 


cylinder. 
A fault reset pulse 
(FR) is issued 
at the 


beginning 
or each Read or Write command 
prior 


to the HDL signal. 


38 
LCT/DIR 
Low currenVdirection 
Output 
FDD 
When 
RW/SEEK 
specifies 
RW, this output 
becomes 
LCT, indicating 
the read/write 
head of 
'the drive is selecting 
a cylinder 
beyond 
the 43rd 


cylinder. 
When 
RW/SEEK 
specifies 
SEEK, 
this 


pin becomes 
DIR, specifying 
the direction 
of the 


seek operation. 
A low signal 
indicates 
output 
and 


a high signal indicates 
input. 


39 
AW/ 
Read/write/seek 
Output 
FDD 
The AW/SEEK 
output 
specifies 
the read/write 
SEEK 
mode when 
low, and the seek mode when 
high. 


40 
Vcc 
DC power 
Power Supply 
+ 5V power supply. 


I 


Internal 
Registers 
The FOC72C65/FOC72C66 
contains 
two registers 
which 


may be accessed 
by the main system processor: 
a status 


register and a data register. The a-bit main status register 
contains 
the status 
information 
of the FOC, and may be 


accessed at any time. The a-bit data register (which actually 
consists of four registers, STO-ST3, in a stack with only one 
register presented 
to the data bus at a time), stores data, 


commands, 
parameters, 
and FOO status information. 
Oata 


bytes are read out of, or written into, the data register in order 
to program or obtain the results after a particular command 
(table 3). Only the status register may be read and used to 
facilitate 
the transfer 
of data between 
tl:1eprocessor 
and 


FDC72C65/FDC72C66. 
The relation~ 
between the status/data 
registers and the 


signals RO, WR, and Ao is shown in table 1. 


The 010 and ROM bits in the status register indicate when 
data is ready and in which direction data will be transferred 
on the data bus. The maximum 
time between the last RO 


or WR during a command or result phase and 010 and ROM 
getting set or reset is 12 IJ.s.For this reason every time the 
main status register is read the CPU should wait 1~s. 
The 


maximum 
time from the trailing edge of the last RO in the 


result phase to when OB. (FOC busy) goes low is 12 IJ.s. 
See figure 1. 


Out FOC and Into Processor 


Out P"",ossor 
snd Into FOC 
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Request 
for 
Master 
IRQM) 
I 
I 
I 
I I 


WR 
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I 
I II 
I 
I 
I I 
I 
I 
I 
I I 
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Table 1. 
Status/Data Register Addressing 


A" 
RD 
WR 
Function 
o 
0 
Read main status 
register 


o 
o 


0 
Reset commands 


0 
0 
Illegal 


0 
0 
Illegal 


0 
Read from data register 


0 
Write into data register 


Table 2. 
Main Status Register 


Pin 
No. 
Name 


DBo 
DoB 
(FDDO 
Busy) 


DB, 
D,B 
(FDD 
1 Busy) 


DB, 
D,B 
(FDD2 
Busy) 


DB, 
D,B 
(FDD3 
Busy) 


DB, 
GB 
(FOG Busy) 


DB, 
EXM 
(Execution 
Mode) 


DB, 
010 
(Data Input/ 
Output) 


DB, 
ROM 
(Request 
for 
Master) 


FDD number 
0 is in the seek mode. 


If any of the DoB bits is set FOG will 
not accept 
read or write command. 


FDD number 
1 is in the seek mode. 


If any of the DoB bits is set FOG will 
not accept 
read or write command. 


FDD number 
2 is in the seek mode. 


If any of the DoB bits is set FOG will 
not accept 
read or write command. 


FDD number 
3 is in the seek mode. 


If any of the DoB bits is set FOG will 
not accept 
read or write command. 


A Read 
or Write 
command 
is in 


process. 
FOG will not accept 
any 
other command. 


This bit is set only during 
execution 


phase 
in non-DMA 
mode. 
When 


DB, goes low, execution 
phase has 


ended and result phase has started. 
It operates 
only 
during 
non-DMA 


mode of operation. 


Indicates 
direction 
of data transfer 


between 
the 
processor 
and 
data 


register. 
If 010 = 1, then transfer 
is 


from data register 
to the processor. 


If 010 = 0, then transfer 
is from the 


processor 
to data register. 


Indicates 
data 
register 
is ready 
to 


send or receive 
data to or from the 


processor. 
Both bits 010 and ROM 


should be used to perform the hand- 
shaking 
functions 
of "ready" 
and 
"direction" 
to the processor. 


Pin 


No. 
Name 
Symbol 
Function 


Status 
Register 
0 
0" D. 
Interrupt 
Code 
IC 
0, = 0 and D. = 0 
Normal 
termination 
of command, 
(NT). Command 
was completed 
and properly 


executed. 
0, = 0 and D. = 1 
Abnormal 
termination 
of command, 
(AT). Execution 
of command 
was started 


but was not successfully 
completed. 


0, = 1 and D. = 0 
Invalid command 
issue, (IC). Command 
which was issued 
was never started. 


0, = 1 and D. = 1 
Abnormal 
termination 
because 
during 
command 
execution 
the ready signal 
from FDD changed 
state. 


0, 
Seek 
End 
SE 
When the FDC completes 
the Seek command, 
this flag is set to 1 (high). 


D. 
Equipment 
EC 
If a fault signal 
is received 
from the FDD, or if the track 0 signal 
fails to occur 


Check 
after 77 step pulses 
(Recalibrate 
Command) 
then this flag is set. 


03 
Not Ready 
NR 
When the FDD is in the not-ready 
state and a Read or Write command 
is issued, 


this flag is set. If a Read or Write command 
is issued to side 1 of a single-sided 


drive, then this flag is set. 


0, 
Head Address 
HD 
This flag is used to indicate 
the state of the head at interrupt. 


0, 
Unit Select 
1 
US, 
This flag is used to indicate 
a drive unit number 
at interrupt. 


Do 
Unit Select 
0 
USo 
This flag is used to indicate 
a drive unit number 
at interrupt. 


Status 
Register 
1 
0, 
End of Cylinder 
EN 
When the FDC tries to access 
a sector 
beyond 
the final sector 
of a cylinder, 
this 


flag is set. 


D. 
Not used. This bit is always 0 (low). 


0, 
Data Error 
DE 
When the FDC detects 
a CRC(1) 
error in either the 10field or the data field, this 


flag is set. 


D. 
Overrun 
OR 
If the FDC is not serviced 
by the host system 
during 
data transfers 
within 
a 


certain 
time interval, 
this flag is set. 


03 
Not used. This bit is always 0 (low). 
0, 
No Data 
NO 
During execution 
of Read Data, Write Deleted 
Data or Scan command, 
if the 


FDC cannot 
find the sector specified 
in the IDR(2) 
Register, 
this flag is set. 


During execution 
of the Read 10command, 
if the FDC cannot 
read the 10field 


without 
an error, then this flag is set. 


During execution 
of the Read A Cylinder 
command, 
if the starting 
sector 
cannot 


be found, 
then this flag is set. 


0, 
Not Writable 
NW 
During 
execution 
of Write Data, Write Deleted 
Data or Format 
A Cylinder 
command, 
if the FDC detects 
a write protect 
signal from the FDD, then this flag 


is set. 


Do 
Missing 
Address 
MA 
If the FDC cannot 
detect the data address 
mark or deleted 
data address 
mark, 


Mark 
this flag is set. Also at the same time, the MD (missing 
address 
mark in data 


field) of status 
register 
2 is set. 


Status 
Register 
2 


0, 
Not used. This bit is always 0 (low). 


D. 
Control 
Mark 
CM 
During 
execution 
of the Read Data or Scan command, 
if the FDC encounters 
a 


sector which 
contains 
a deleted 
data address 
mark, this flag is set. 


0, 
Data Error in 
DO 
If the FDC detects 
a CRC error in the data field then this flag is set. 


Data Field 


D. 
Wrong 
Cylinder 
WC 
This bit is related 
to the NO bit, and when the contents 
of C(3) on the medium 
is 


different 
from that stored 
in the lOR, this flag is set. 


03 
Scan Equal 
Hit 
SH 
During execution 
of the Scan command, 
if the condition 
of "equal" 
is satisfied, 


this flag is set. 


0, 
Scan Not 
SN 
During execution 
of the Scan command, 
if the FDC cannot 
find a sector 
on the 


Satisfied 
cylinder 
which 
meets the condition, 
then this flag is set. 


0, 
Bad Cylinder 
BC 
This bit is related 
to the NO bit, and when the contents 
of C on the medium 
is 


different 
from that stored 
in the lOR and the contents 
of C is FFH, then this flag 


is set. 


Do 
Missing 
Address 
MD 
When data is read from the medium, 
if the FDC cannot 
find a data address 
mark 


Markin 
or deleted 
data address 
mark, then this flag is set. 


Data Field 


• 


Status 
Register 3 


D, 
Fault 
FT 
This bit is used to indicate 
the status of the fault signal from the FDD. 


D, 
Write Protected 
WP 
This bit is used to indicate 
the status of the write protected 
signal from the FDD. 


D, 
Ready 
RY 
This bit is used to indicate 
the status of the ready signal from the FDD. 


D, 
Track 0 
TO 
This bit is used to indicate 
the status of the track 0 signal from the FDD. 


D, 
Two-Side 
TS 
This bit is used to indicate 
the status of the two-side 
signal from the FDD. 


D, 
Head Address 
HD 
This bit is used to indicate 
the status 
of the side select signal to the FDD. 


D, 
Unit Select 
1 
US, 
This bit is used to indicate 
the status of the unit select 
1 signal to the FDD. 


D, 
Unit Select 0 
US, 
This bit is used to indicate 
the status of the unit select 0 signal to the FDD. 


Note: 


(1) CRC = Cyclic Redundancy Check 
(2) lOR = Internal Data Register 
(3) Cylinder 
(C) is described 
more fully 
in the Command 
Symbol 
Description. 


Standby Mode 
The FDC72C65/FDC72C66 
can be placed in a low-power 
standby 
mode by issuing 
the SET STANDBY 
command. 
During standby mode, the main status register will contain 
all zeros. After standby 
mode is disabled, 
ROM (Request 
for Master) in the main status register will be set to 1, indi- 
cating that the FDC72C65/72C66 
is available for use. Dur- 


ing standby mode, it is only necessary 
to maintain clock on 


pin 19. All disk control signals will be inactive. 


To further reduce system power dissipation, 
it is possible to 


stop the clock on pin 19 as well by the following 
procedure. 


(1) Issue SET STANDBY command. 


(2) Wait for 32 clock periods, minimum. 


(3) The clock may then be stopped. 


To resume normal operation, 
the clock must be re-started. 
After 24 clock periods, 
the RESET 
STANDBY 
command 
may be issued. 


All internal 
registers 
and 1/0 ports are held constant. 
VOD 


must be maintained 
at normal levels. 


Command Sequence 
The FDC72C65/FDC72C66 
is capable 
of performing 
18 


different 
commands. 
Each command 
is initiated 
by a mul- 


tibyte transfer from the processor, 
and the result after exe- 


cution of the command 
may also. be a multi byte transfer 


back to the processor. 
Because 
of this multibyte 
inter- 


change of information 
between the FDC72C65/FDC72C66 


and the processor, 
it is convenient 
to consider 
each com- 


mand as consisting 
of three phases: 


Command 
The 
FDC 
receives 
all 
information 


Phase: 
required to perform 
a particular 
opera- 


tion from the processor. 


The FDC performs the operation 
it was 


instructed 
to do. 


Aftercompletion 
ofthe operation, status 


and 
other 
housekeeping 
information 


are made available to the processor. 


table 4 shows the required 
preset parameters 
and results 


for each command. 
Most commands 
require 9 command 


bytes and return 7 bytes during the result phase. The "W" 
to the left of each byte indicates 
a command 
phase byte to 


be written, 
and an "R" indicates 
a result byte. The defini- 


tions of other abbreviations 
used in table are given in the 


Command 
Symbol Description 
table. 


Execution 
Phase: 


Result Phase: 


Pin 


Name 
Symbol 
Function 


Address 
Line 0 
A. 
A. controls 
selection 
of main status 
register 
(A. = 0) or data register 
(A. = 1). 


Cylinder 
Number 
C 
C stands 
for the current/selected 
cylinder 
(track) 
numbers 
0 through 
76 of the medium. 


Data 
D 
D stands 
for the data pattern 
which 
is going to be written 
into a sector. 


Data Bus 
D,-Do 
8-bit data bus, where 
D, stands 
for a most significant 
bit, and Do stands 
for a least 
significant 
bit. 


Data Length 
DTL 
When 
N is defined 
as 00, DTL stands 
for the data length which 
users are going to read out or 


write into the sector. 


End of Track 
EOT 
EOT stands 
for the final sector 
number 
on a cylinder. 
During 
read or write operations, 
FDC will 
stop data transfer 
after a sector 
number 
equal to EOT. 


Gap Length 
GPL 
GPL stands 
for the length of gap 3. During 
ReadlWrite 
commands 
this value determines 
the 
number 
of bytes that VCO sync will stay low after two CRC bytes. 
During 
Format 
command 
it 


determines 
the size of gap 3. 


Head Address 
H 
H stands 
for head number 
0 or 1, as specified 
in ID field. 


Head 
HD 
HD stands 
for a selected 
head number 
0 or 1 and controls 
the polarity 
of pin 27. (H = HD in all 
command 
words.) 


Head Load Time 
HLT 
HLT stands 
for the head load time in the FDD (2 to 254 ms in 2 ms increments.) 
_ 


Head Unload 
HUT 
HUT stands 
for the head unload time after a Read or Write operation 
has occurred 
(16 to 240 


Time 
ms in 16 ms increments.) 


FM or MFM Mode 
MF 
If MF is low, FM mode is selected, 
and if it is high, MFM mode is selected. 


Multitrack 
MT 
If MT is high, a multitrack 
operation 
is performed. 
If MT = 1 after finishing 
read/write 
operation 


on side 0, FDC will automatically 
start searching 
for sector 
1 on side 1. 


Number 
N 
N stands 
for the number 
of data bytes written 
in a sector. 


New Cylinder 
NCN 
NCN stands 
for a new cylinder 
number 
which 
is going to be reached 
as a result of the seek 
Number 
operation; 
desired 
position 
of head. 


Non-DMA 
Mode 
ND 
ND stands 
for operation 
in the non-DMA 
mode. 


Present 
Cylinder 
PCN 
PCN stands 
for the cylinder 
number 
at the completion 
of Sense 
Interrupt 
Status 
command, 


Number 
position 
of head at present 
time. 


Record 
R 
R stands 
for the sector 
number 
which 
will be read or written. 


Read/Write 
RIW 
RIW stands 
for either 
Read (R) or Write (W) signal. 


Sector 
SC 
SC indicates 
the number 
of sectors 
per cylinder. 


Skip 
SK 
SK stands 
for skip deleted 
data address 
mark. 


Step Rate Time 
SRT 
SRT stands 
for the stepping 
rate for the FDD (1 to 16 ms in 1 ms increments). 
Stepping 
rate 


applies 
to all drives 
(FH = 1 ms, EH = 2 ms, etc.). 


Status 
0-3 
STO-ST3 
STO-ST3 
stands 
for one of four registers 
which 
store the status 
information 
after a command 


has been executed. 
This information 
is available 
during 
the result phase 
after command 
execution. 
These 
registers 
should 
not be confused 
with the main status 
register 
(selected 
by 


A. = 0). STO-ST3 
may be read only after a command 
has been executed 
and contains 


information 
relevant 
to that particular 
command. 


STP 
During 
a scan operation, 
if STP = 1, the data in contiguous 
sectors 
is compared 
byte by byte 


with data sent from the processor 
(or DMA); 
and if STP = 2, then alternate 
sectors 
are read 
and compared. 


Unit Select 
USo, US, 
US stands 
for a selected 
drive number 
0 or 1. 


• 


Table 4. 
Instruction Set 


Instruction 
Code 


Phase 
R/W 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
D. 
Remarks 


Read Data 


Command 
W 
MT 
MF 
SK 
0 
0 
1 
1 
0 
Command 
Codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US. 


W 
C 
~ Sector 
ID information 
prior to command 
W 
H 
~ execution. 
The 4 bytes are compared 
against 


W 
'" 
R 
~ header 
on floppy 
disk. 


W 
N 
W 
EaT 
w 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the FDD and main system 


Result 
R 
STO 
~ Status 
information 
after command 
execution 


R 
ST1 
R 
ST2 
R 
C 
~ Sector 
ID information 
after command 
execution 


R 
H 
R 
R 
R 
N 


Read Deleted 
Data 


Command 
W 
MT 
MF 
SK 
0 
1 
1 
0 
0 
Command 
Codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US. 


W 
C 
~ Sector 
ID information 
prior 
to command 
execu- 


W 
H 
~ tion. The 4 bytes are compared 
against 
header 
on 


W 
R 
~ floppy disk. 


W 
N 
W 
EaT 
w 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the FDD and main system 


Result 
R 
STO 
~ Status 
information 
after command 
execution 


R 
ST1 
R 
ST2 
R 
C 
~ Sector 
ID information 
after command 
execution 


R 
H 
R 
R 
R 
N 


Write 
Data 


Command 
W 
MT 
MF 
0 
0 
0 
1 
0 
1 
Command 
Codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US. 


W 
C 
~ Sector 
ID information 
prior 
to command 
execu- 


W 
H 
~ tion. The 4 bytes are compared 
against 
header 
on 


W 
R 
~ floppy disk. 


W 
N 
W 
EaT 
w 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the main system 
and FDD 


Result 
R 
STO 
~ Status 
information 
after command 
execution 


R 
ST1 
R 
ST2 
R 
C 
~ Sector 
ID information 
after command 
execution 


R 
H 
R 
R 
R 
N 


NOTES: 


Instruction Code 


Phase 
RfW 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
Remarks 


Write Deleted Data 


Command 
W 
MT 
MF 
0 
0 
1 
0 
0 
1 
Command 
Codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


W 
C 
· 
Sector 
ID information 
prior 
to command 
execu- 


W 
H 
· 
tion. The 4 bytes are compared 
against 
header 
on 


W 
R 
· 


floppy disk. 


W 
N 
W 
EaT 
w 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the FDD and main system 


Result 
R 
STO 
· 
Status 
information 
after command 
execution 


R 
~ 
ST1 
R 
ST2 
R 
~ 
C 
· 
Sector 
ID information 
after command 
execution 


R 
H 
R 
R 
R 
N 


Scan Low or Equal 


Command 
W 
MT 
MF 
SK 
1 
1 
0 
0 
1 
Command 
Codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


W 
C 
· 
Sector 
ID information 
prior to command 
W 
H 
· 
execution. 
W 
R 
W 
N 
W 
EaT 
w 
GPL 
W 
DTL 


Execution 
Data compared 
between the FDD and main system 


Result 
R 
STO 
· 
Status 
information 
after command 
execution I 


R 
ST1 
R 
ST2 
R 
C 
· 
Sector 
ID information 
after command 
execution 


R 
H 
R 
R 
R 
N 


Scan High or Equal 


Command 
W 
MT 
MF 
SK 
1 
1 
1 
0 
1 
Command 
Codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


W 
C 
· 
Sector 
ID information 
prior to command 


W 
H 
· 
execution. 


W 
R 
W 
N 
W 
EaT 
w 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the FDD and main system 


Result 
R 
STO 
· 
Status 
information 
after command 
execution 


R 
ST1 
R 
ST2 
R 
C 
· 
Sector 
ID information 
after command 
execution 


R 
H 
R 
R 
R 
N 


NOTES: 


Instruction 
Code 


Phase 
R/W 
0, 
0, 
0, 
0, 
03 
0, 
0, 
0, 
Remarks 


Recalibrate 


Command 
W 
0 
0 
0 
0 
0 
1 
1 
1 
Command 
codes 
W 
X 
X 
X 
X 
X 
0 
US, 
US, 


Execution 
Head retracted 
to track 0 


Sense 
Interrupt 
Status 


Command 
W 
0 
0 
0 
0 
1 
0 
0 
0 
Command 
codes 


Result 
R 
STO 
.. 
Status 
information 
about 
the 
FDC 
at the end of 


R 
PCN 
.. 
seek operation 


Specify 


Command 
W 
0 
0 
0 
0 
0 
0 
1 
1 
Command 
codes 
W 
.--- 
SRT --- 
•.• --- 
HUT --- 
•. 
W 
HLT 
•. ND 


Sense 
Drive Status 


Command 
W 
0 
0 
0 
0 
0 
1 
0 
0 
Command 
codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


Result 
R 
ST3 
.. 
Status 
information 
about 
FDD 


Seek 


Command 
W 
0 
0 
0 
0 
1 
1 
1 
Command 
codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


W 
NCN 


Execution 
Head is positioned 
over proper cylinder 
on diskette 


Invalid 


Command 
W 
Invalid Codes 
Invalid Command 
codes 
(No op-FDC 
goes 
into 


standby 
state) 


Result 
R 
STO 
.. 
STO = 80H 


Set Standby 


Command 
W 
0 
0 
0 
0 
Command 
codes 
Execution 
Enter standby 
mode 


Reset 
Standby 


Command 
W 
0 
0 
0 
0 
0 
Command 
codes 
Execution 
Disable 
standby 
mode 


Software 
Reset 


Command 
W 
0 
0 
0 
0 
Command 
codes 
Execution 
Same as hardware 
reset 


Read a Track 


Command 
W 
0 
MF 
SK 
0 
0 
0 
1 
0 
Command 
Codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


W 
C 
.. 
Sector ID information 
prior to command 
execution. 


W 
H 
W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
DTL 


Execution 
Data transfer 
between 
the FDD and main system. 


FDC reads all data fields from index hole to EOT. 


Result 
R 
STO 
.. 
Status 
information 
after command 
execution 
R 
ST1 
R 
ST2 
R 
C 
.. 
Sector 
ID information 
after command 
execution 
R 
H 
R 
R 
R 
N 


NOTES: 


Instruction 
Code 


Phase 
R/W 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
Remarks 


Read 10 


Command 
W 
0 
MF 
0 
0 
1 
0 
1 
0 
Command 
codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


Execution 
The first correct 
ID information 
on the cylinder 
is 


stored 
in data register. 


Result 
R 
..•. 
STO 
.. 
Status 
information 
after command 
execution 
R 
ST1 
R 
ST2 
R 
C 
.. 
Sector 
ID information 
read during execution 
phase 


R 
H 
.. 
from floppy disk. 
R 
R 
R 
N 


Format 
a Track 


Command 
W 
0 
MF 
0 
0 
1 
1 
0 
1 
Command 
codes 
W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


W 
N 
.. 
Bytes/sector 
W 
SC 
.. 
Sectors/track 
W 
GPL 
.. 
Gap3 
W 
D 
.. 
Filler byte 


Execution 
FDC formats 
an entire track. 


Result 
R 
STO 
.. 
Status 
information 
after command 
execution 


R 
ST1 
R 
ST2 
R 
C 
.. 
In this case, the ID information 
has no meaning 


R 
H 
R 
R 
R 
N 


Scan 
Equal 


Command 
W 
MT 
MF 
SK 
1 
0 
0 
0 
1 
Command 
codes 
I 


W 
X 
X 
X 
X 
X 
HD 
US, 
US, 


W 
C 
W 
H 
W 
R 
W 
N 
W 
EOT 
W 
GPL 
W 
STP 


Execution 
Data compared 
between the FDD and main system 


Result 
R 
STO 
.. 
Status 
information 
after command 
execution 
R 
ST1 
R 
ST2 
R 
C 
.. 
Sector 
ID information 
after command 
execution 


R 
H 
R 
R 
R 
N 


Note: 
(1) In the Instruction Code, X = don't care (usually set to 0). 
(2) A, should be 0 for SET STANDBY, RESET STANDBY,and SOFTWARE 


RESET commands and 1 for all other commands. 


NOTES: 


System Configuration 


Figure 2 shows an example of a system using a FDC72C65/ 
FDC72C66. 


DBO-OB7 
Ao 
MEMR 


DBo-OB1 


iOR 
RJj 
MEMW 
WR 
lOW 
cs 
cs 


INT 


HRC 


RESET 


HlOA 


FDC72C65 
or 
FOC72C66 
FOC 


Processor Interface 


During command 
or result phases the main status register 


(described 
earlier) 
must be read by the processor 
before 


each byte of information 
is written into or read from the data 


register. After each byte of data is read or written to the data 
register, 
the 
CPU__snoufcL wait for 
12f.ls before 
reading 


the main status register. Bits 06 and 07 in the main status 
register must be in a 0 and 1 state, respectively, before each 
byte 
of the 
command 
word 
may 
be written 
into 
the 


FDC72C65/FDC72C66. 
Many of the commands 
require 


multiple bytes and, as a result, the main status register must 
be read prior 
to each 
byte transfer 
to the FDC72C65/ 
FDC72C66. 
On the other hand, during the result phase, 06 


and 07 in the main status register must both be 1's (06 = 1 
and 07 = 1) before reading each byte from the data register. 
Note that this reading 
of the main status 
register 
before 


each byte transfer to the FDC72C65/FDC72C66 
is required 


only in the command 
and result phases, and not during the 


execution phase. 


During the execution 
phase, the main status register need 


not be read. If the FDC72C65/FDC72C66 
is in the non-DMA 


mode, then the receipt 
of each data byte (if FDC72C65/ 
FDC72C66 
is reading 
data from FDD) is indicated 
by an 


interrup.!.§jgnal on pin 18 (INT = illhe 
generation of a read 


signal (RD = 0) or write signal (WR = 0) will clear the inter- 
rupt as well as output the data onto the data bus. If the pro- 


.cessor 
cannot 
handle 
interrupts 
fast enough 
(every 13f.ls 


for the MFM mode and 27f.ls for the FM mode), then it may 
poll the main status register and bit 07 (ROM) functions 
as 


the inter!JdQ! signal. 
If a write command 
is in the process 


then the WR signal negates the reset to the interrupt signal. 
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Note that in the non-DMA 
mode it is necessary 
to examine 


the main status register to determine 
the cause of the inter- 


rupt, since it could be a data interrupt 
of a command 
ter- 


mination 
interrupt, either normal or abnormal. 


If the FDC72C65/FDC72C66 
is in the DMA mode, no inter- 


rupts 
are generated 
during 
the execution 
phase. 
The 


FDC72C65/FDC72C66 
generates 
DRQs (DMA requests) 


when each byte of data is available. 
The DMA controller 


responds 
to this 
request 
with 
both 
a DACK = 0 (DMA 


acknowledge) 
and an RD = 0 (read signal). When the DMA 


acknowledge 
signal goes low (DACK=O), 
then the DMA 


request is clear~DRQ 
= 0). If a write command 
has been 


issued, then a WR signal will appear instead of RD. After 
the execution 
phase has been completed 
(terminal 
count 


has occurred) 
or the EOT sector read/written, 
then an inter- 


rupt will occur (INT = 1). This signifies the beginning 
of the 


result phase. When the first byte of data is read during the 
result phase, the interrupt is automatically cleared (INT = 0). 


The RD or WR signals should be asserted 
wh~DACK 
is 


true. The CS signal is used in conjunction 
with RD and WR 


as a gating function during programmed 
I/O operations. 
CS 


has no effect during DMA operations. 
If the non-DMA mode 


is chosen, the DACK signal should be pulled up to Vcc. 


It is important 
to note that during the result phase all bytes 


shown in the instruction 
set (table 4) must be read. The read 


data command, 
for example, has seven bytes of data in the 


result phase. All seven bytes must be read in order to suc- 
cessfully 
complete 
the 
Read 
Data 
command. 
The 


FDC72C65/FDC72C66 
will not accept a new command until 


all seven 
bytes 
have been 
read. Other 
commands 
may 


require fewer bytes to be read during the result phase. 


The FDC72C65/FDC72C66 
contains 
five status registers. 


The main status register mentioned 
above may be read by 


the processor 
at any time. The other four status registers 


(STO, ST1, ST2, and ST3) are available only during the result 
phase and may be read only after completing 
a command. 


The particular 
command 
that has been executed 
deter- 


mines how many of the status registers will be read. 


The 
bytes 
of data 
which 
are sent 
to the 
FDC72C65/ 


FDC72C66 
to form the command 
phase and are read out 


of the FDC72C65/FDC72C66 
in the result phase must occur 


in the order shown in table 4. That is, the command 
code 


must be sent first and the other bytes sent in the prescribed 
sequence. 
No foreshortening 
of the command 
or result 


phases 
is allowed. 
After the last byte of data in the com- 


mand phase is sent to the FDC72C65/FDC72C66, 
the exe- 


cution phase automatically 
starts. In a similar fashion, when 


the last byte of data is read out in the result phase, the com- 
mand 
is 
automatically 
ended 
and 
the 
FDC72C65/ 


FDC72C66 
is ready for a new command. 


Polling 


After reset has been sent to the FOC72C65/FOC72C66, 
the 
unit select 
lines USa and US, will automatically 
go into a 


polling 
mode. 
In between 
commands 
(and between 
step 


pulses in the Seek command) 
the FOC72C65/FOC72C66 


polls all four FOOs looking for a change 
in the ready line 


from any of the drives. If the ready line changes state (usu- 
ally due to a door opening or closing), then the FOC72C65/ 
FOC72C66 
will generate an interrupt. When status register 


O(STO) is read (after Sense Interrupt Status is issued), not 
ready (NR) will be indicated. The polling of the ready line by 
the FOC72C65/FOC72C66 
occurs continuously 
between 


commands, 
thus notifying 
the processor 
which drives are 


on or off line. Each drive is polled every 1.024 ms except 
during the ReadlWrite commands. 
When used with a 4 MHz 


clock for interfacing 
to minifloppies, 
the polling rate is 2.048 


ms. See figure 3. 


Read Data 


A set of nine (9) byte words are required to place the FOC 
into the read data mode. After the Read Oata command 
has 


been issued the FOC loads the head (if it is in the unloaded 
state), waits the specified 
head settling time (defined in the 


Specify command), 
and begins reading 10 address marks 


and 10 fields. When the current sector number 
(R) stored 


in the 10 register 
(lOR) compares 
with the sector number 


read off the diskette, 
then the FOC outputs 
data (from the 


data field) byte-to-byte 
to the main system via the data bus. 


After completion 
of the read operation 
from the current sec- 


tor, the sector number is incremented 
by one, and the data 


from the next sector is read and output on the data bus. This 
continuous 
read function 
is called a multi-sector 
read oper- 


ation. The Read Oata command 
may be terminated 
by the 


receipt of a terminal 
count signal. TC should be issued at 


the same time thatthe 
OACK for the last byte of data is sent. 


Upon receipt of this signal, the FOC stops outputting 
data 


to the processor, but will continue to read data from the cur- 
rent sector, check CRC (cyclic redundancy count) bytes, and 
then at the end of the sector terminate 
the Read Oata com- 


mand. The amount of data which can be handled with a sin- 
gle command 
to the FOC depends 
upon MT (multi-track), 


MF (MFM/FM), 
and N (number 
of bytes/sector). 
Table 5 


shows the transfer capacity. 


The "multi-track" 
function (MT) allows the FOC to read data 


from both sides of the diskette. For a particular cylinder, data 
will be transferred 
starting 
at sector 1, side 0 and complet- 


ing at sector 
L, side 1 (sector L = last sector on the side). 
Note, this function 
pertains to only one cylinder 
(the same 


track) on each side of the diskette. 


When N =0, then OTI defines the data length which the FOC 
must treat as a sector. If OTL is smaller than the actual data 
length in a sector, the data beyond OTL in the sector is not 
sent to the data bus. The FOC reads (internally) 
the com- 
plete sector 
performing 
the CRC check 
and, depending 


upon the manner of command 
termination, 
may perform a 


multi-sector 
read operation. 
When N is non-zero, then OTL 


has no meaning 
and should be set to FFH. 


At the completion 
of the Read Oata command, 
the head is 


not unloaded until after head unload time interval (specified 
in the Specify 
command) 
has elapsed. 
If the processor 


issues another command before the head unloads, then the 
head 
setting 
time 
may 
be saved 
between 
subsequent 


reads. This time out is particularly 
valuable when a diskette 


is copied from one drive to another. 


If the FOC detects the index hole twice without finding the 
right sector, (indicated 
in "R"), 
then the FOC sets the NO 


(No data) flag in status register 
1 to a 1 (high), and termi- 


nates the Read Oata command. 
(Status register 0 also has 


bits 7 and 6 set to 0 and 1, respectively.) 


After reading the 10 and data fields in each sector, the FOC 
checks the CRC bytes. If a read error is detected 
(incorrect 


CRC in 10 field), the FOC sets the OE (data error) flag in 
status register 1 to a 1 (high), and if a CRC error occurs in 
the data field, the FOC also sets the 00 (data error in data 
field) flag in status register 2 to a 1 (high), and terminates 
the Read Oata command. 
(Status register 0 also has bits 7 


and 6 set to 0 and 1, respectively.) 


If the FOC reads a deleted 
data address 
mark off the dis- 


kette, and the SK bit (bit 05 in the first command 
word) is 


not set (SK = 0), then the FOC sets the CM (control mark) 
flag in status 
register 
2 to a 1 (high), 
and terminates 
the 


Read Oata command, 
after reading all the data in the sec- 


tor. If SK = 1, the FOC skips the sector with the deleted data 
address 
mark and reads the next sector. The CRC bits in 


the deleted data field are not checked when SK = 1. 


Ouring disk data transfers 
between 
the FOC and the pro- 


cessor, via the data bus, the FOC must be serviced 
by the 


processor 
every 27J.Lsin the FM mode, and every 13J.Lsin 


the MFM mode, or the FOC sets the OR (Overrun) 
flag in 


status register 1 to a 1 (high), and terminates 
the Read Oata 


command. 


If the processor terminates 
a read (or write) operation 
in the 


FOC, then the 10 information 
in the result phase is depend- 


ent upon the state of the MT bit and EOT byte. Table 6 
shows the values for C, H, R, and N, when the processor 
terminates 
the command. 
I 


Write Data 


A set of nine (9) bytes is required 
to set the FOC into the 


write data mode. After the Write Oata command 
has been 


issued 
the FOC loads the head 
(if it is in the unloaded 


state), waits the specified 
head setting time (defined in the 


Specify command), 
and begins reading 10 fields. When all 


four bytes loaded during the command 
(C,H,R,N) match the 


four bytes of the 10 field from the diskette, 
the FOC takes 


data from the processor 
byte-by-byte 
via the data bus and 


outputs it to the FOO. See table 6. 


After writing data into the current sector, the sector number 
stored in R is incremented 
by one, and the next data field is 


written into. The FOC continues 
this multisector 
write oper- 


ation until the issuance 
of a terminal 
count signal. If a ter- 


minal count signal 
is sent to the FOC it continues 
writing 


into the current sector to complete 
the data field. If the ter- 


minal count signal is received while a data field is being writ- 
ten then the remainder 
of the data field is filled with zeros. 


The FOC reads the 10 field of each sector and checks the 
CRC bytes. If the FOC detects a read error (CRC error) in 
one of the 10 fields, it sets the OE (Oata Error) flag of status 
register 1 to a 1 (high) and terminates 
the Write Oata com· 


mand. (Status register 0 also has bits 7 and 6 set to 0 and 
1, respectively.) 
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Table 5. 
Transfer Capacity 


Multi- 
MFM/ 
Bytes/ 
Maximum Transfer Capacity 
Final Sector 
Track 
FM 
Sector 
(Bytes/Sector) 
Read from 
MT 
MF 
N 
(Number of Sectors) 
Diskettes 


0 
0 
00 
(128) (26) = 
3,328 
26 at side 0 
0 
1 
01 
(256) (26) = 
6,656 
or 26 at side 1 


1 
0 
00 
(128) (52) = 
6,656 
26 at side 1 


1 
1 
01 
(256) (52) = 13,312 


0 
0 
01 
(256) (15) = 
3,840 
15 at side 0 
0 
1 
02 
(512) (15) = 
7,680 
or 15 at side 1 


1 
0 
01 
(256) (30) = 
7,680 
15 at side 1 
1 
1 
02 
(512) (30) = 15,360 


0 
0 
02 
(512) (8) 
= 
4,096 
8 at side 0 
0 
1 
03 
(1024) (8) 
= 
8,192 
or8 at side 1 
1 
0 
02 
(512)(16) = 
8,192 
8 at side 1 
1 
1 
03 
(1024) (16) = 16,384 


Table 6. 
Command Description 


Final Sector Transferred 
10 Information 
at Result Phase 


MT 
HD 
to Processor 
C 
H 
R 
N 


0 
0 
Less than EOT 
NC 
NC 
R+1 
NC 


0 
0 
Equal to EOT 
C+1 
NC 
R=Ol 
NC 


0 
1 
Less than EOT 
NC 
NC 
R+1 
NC 


0 
1 
Equal to EOT 
C+1 
NC 
R=Ol 
NC 


1 
0 
Less than EOT 
NC 
NC 
R+1 
NC 


1 
0 
Equal to EOT 
NC 
LSB 
R=Ol 
NC 


1 
1 
Less than EOT 
NC 
NC 
R+1 
NC 
1 
1 
Equal to EOT 
C+1 
LSB 
R=l 
NC 


Note: 
(1) NC (No Change): The same vaiue as the one at the beginning of 


command execution. 


(2) LSB (Least Significant Bit): The least significant bit of H is 


complemented. 


Read a Track 


This command 
is similar to the Read Data command 
except 


that this is a continuous 
read operation 
where the entire 


data field from each of the sectors is read. Immediately after 
sensing the index hole, the FDC starts reading all data fields 
on the track as continuous 
blocks of data. If the FDC finds 


an error in the ID or data CRC check bytes, it continues 
to 


read data from the track. The FDC compares 
the ID infor- 


mation read from each sector with the value stored in the 
IDR and sets the ND flag of status register 1 to a 1 (high) if 
there is no comparison. 
Multi-track 
or skip operations 
are 


not allowed with this command. 


This command terminates when the number of sectors read 
is equalto 
EOT.lfthe 
FDCdoes 
not find an ID address mark 


on the diskette after it senses the index hole for the second 
time, it sets the MA (missing 
address 
mark) flag in status 


register 1 to a 1 (high) and terminates 
the command. 
(Sta- 


tus register 0 has bits 7 and 6 set to 0 and 1, respectively). 


Read Deleted Data 
Read 10 


This command 
is the same as the Read Data command 
The Read ID command 
is used to give the present position 
except that when the FDC detects a data address mark at 
of the recording 
head. The FDC stores the values from the 
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The Write command 
operates in much the same manner as 


the Read command. 
The following 
items are the same, and 


one should refer to the Read Data command 
for details: 


• Transfer capacity 
• EN (end of cylinder) 
flag 


• ND (no data) flag 
• Head unload time interval 
• ID Information 
when the processor 
terminates 
command 


• Definition 
of DTL when N =0 and when N i= 0 


In the write data mode, data transfers 
between the proces- 


sor and FDC, via the data bus, must occur every 27f.Ls in 
the FM mode and every 13f.Lsin the MFM mode. If the time 
interval between data transfers 
is longer than this, the FDC 


sets the OR (overrun) flag in status register 1 to a 1 (high) 
and terminates 
the Write Data command. 
(Status register 


o also has bits 7 and 6 set to 0 and 1, respectively.) 


Write Deleted Data 


This command 
is the same as the Write Data command 


except a deleted data address mark is written at the begin- 
ning of the data field instead 
of the normal data address 


mark. 


the beginning 
of a data field (and SK =0 (low)), it will read 


all the data in the sector and set the CM flag in status reg- 
ister 2 to a 1 (high), and then terminate 
the command. 
If 


SK = 1,then the FDC skips the sector with the data address 
mark and reads the next sector. 


first ID field it is able to read. If no proper ID address mark 
is found in the diskette before the index hole is encountered 
for the second time, then the MA (missing 
address 
mark) 
flag in status register 1 is set to a 1 (high), and if no data is 
found then the ND (No data) flag is also set in status reg- 
ister 1 to a 1 (high). The command 
is then terminated 
with 
bits 7 and 6 in status register 0 set to 0 and 1, respectively. 
During this command 
there 
is no data transfer 
between 
FDC and the CPU except during the result phase. 


Format a Track 


The Format a Track command 
allows an entire track to be 
formatted. 
After the index hole is detected, 
data is written 
on the diskette; 
gaps, address 
marks, 
ID fields, and data 
fields, all per the IBM System 34 (double density) or System 
3740 (single density) 
format, are recorded. 
The particular 


Table 7. 
Sector Size 


format which will be written is controlled 
by the values pro- 
grammed 
into N (number of bytes/sector), 
SC (sectors/cyl- 


inder), GPL (gap length), 
and D (data pattern) 
which 
are 


supplied by the processor 
during the command 
phase. The 


data field is filled with the byte of data stored in D. The ID 
field for each sector 
is supplied 
by the processor; 
that is, 


four data requests 
per sector are made by the FDC for C 
(cylinder number), H (head number), R (sector number), and 
N (number 
of bytes/sector). 
This allows the diskette 
to be 
formatted 
with nonsequential 
sector numbers, 
if desired. 


The processor 
must send new values for C,H,R, and N to 
the FDC72C65/FDC72C66 
for each sector on the track. If 


FDC is set for the DMA mode, it will issue four DMA requests 
per sector. If it is set for the interrupt mode, it will issue four 
interrupts 
per sector and the processor 
must supply C, H, 


R, and N loads for each sector. The contents 
of the R reg- 


Format 
Sector 
Size 
N 
SC 
GPL(1) 
GPL(2,3) 


8" Standard 
Floppy 


FM Mode 
128 Bytes/Sector 
00 
1A 
07 
1B 


256 
01 
OF 
OE 
2A 


512 
02 
08 
1B 
3A 


1024 
03 
04 
47 
8A 


2048 
04 
02 
C8 
FF 


4096 
05 
01 
C8 
FF 


MFM Mode (Note 4) 
256 
01 
1A 
OE 
36 


512 
02 
OF 
1B 
54 


1024 
03 
08 
35 
74 I 


2048 
04 
04 
99 
FF 


4096 
05 
02 
C8 
FF 


8192 
06 
01 
C8 
FF 


5'14" Minifloppy 


FM Mode 
128 Bytes/Sector 
00 
12 
07 
09 


128 
00 
10 
10 
19 


256 
01 
08 
18 
30 


512 
02 
04 
46 
87 


1024 
03 
02 
C8 
FF 


2048 
04 
01 
C8 
FF 


MFM Mode (Note 4) 
256 
01 
12 
OA 
OC 


256 
01 
10 
20 
32 


512 
02 
08 
2A 
50 


1024 
03 
04 
80 
FO 


2048 
04 
02 
C8 
FF 


4096 
05 
01 
C8 
FF 
3'/2' Sony 
Micro 
Floppydisk 


FM Mode 
128 Bytes/Sector 
0 
OF 
07 
1B 


256 
1 
09 
OE 
2A 


512 
2 
05 
1B 
3A 


MFM Mode 
(Note 4) 
256 
1 
OF 
OE 
36 


512 
2 
09 
1B 
54 


1024 
3 
05 
35 
74 


Nole: 


(1) SU9gested values of GPL in Read or Write commands 
to avoid 


splice point between data field and ID field of contiguous 
sections. 
(2) Suggested 
values of GPL in format command. 
(3) All values except sector size are hexidecimal. 
(4) In MFM mode FDG cannot ~erform a ReadlWrite/Format 
opera- 
tion with 128 bytes/sector. 
( 
= 00). 
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The rate at which step pulses 
are issued is controlled 
by 


SRT (stepping 
rate time) in the Specify 
command. 
After 
each step pulse is issued NGN is compared 
against PGN, 


and when NGN = PGN, the SE (seek end) flag is set in sta- 
tus register 0 to a 1 (high), and the command 
is terminated. 


At this point FOG interrupt goes high. Bits DoB - D3B in the 
main status register are set during the seek operation 
and 
are cleared by the Sense Interrupt Status command. 


During the command 
phase of the seek operation 
the FOG 
is in the FOG busy state, but during the execution 
phase it 
is in the [lon-busy 
state. While the FOG is in the non-busy 
state, another 
Seek command 
may be issued, and in this 
manner parallel seek operations 
may be done on up to four 
drives at once. No other command can be issued for as long 
as the FOG is in the process of sending step pulses to any 
drive. 


If an FDD is in a not ready state at the beginning 
of the com- 
mand execution 
phase or during the seek operation, 
then 
the NR (not ready) flag is set in status register 0 to a 1 (high), 


If the FOG encounters 
a deleted data address mark on one 
and the command 
is terminated 
after bits 7 and 6 of status 
of the sectors (and SK = 0), then it regards the sector as the 
register 0 are set to 0 and 1, respectively. 
last sector on the cylinder, sets the GM (control mark) flag 
If the time to write three bytes of Seek command 
exceeds 
of status register 2 to a 1 (high) and terminates 
the com- 
150 IJ-s,the timing between the first two step pulses may be 
mand. If SK = 1, the FOG skips the sector with the deleted 
shorter than set in the Specify command 
by as much as 1 


address mark and reads the next sector. In the second case 
ms. 
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If a fault signal is received from the FDD at the end of a write 
operation, 
then the FOG sets the EG flag of status register 
o to a 1 (high) and terminates 
the command 
after setting 
bits 7 and 6 of status register 0 to 0 and 1, respectively. Also, 
the loss of a ready signal at the beginning 
of a command 
execution phase causes bits 7 and 6 of status register 0 to 
be set to 0 and 1, respectively. 


Scan Commands 


The 
Scan 
commands 
allow 
data 
which 
is being 
read 
from the diskette 
to be compared 
against 
data which 
is 
being supplied 
from the main system. The FOG compares 


the data on a byte-by-byte 
basis and looks for a sector of 
data 
which 
meets 
the 
conditions 
of 
DFDO= Dprocessor, 
DFDO,;;DProcessor,or DFDO~ Dprocessor. The hexidecimal 
byte of FF either from memory or from FDD can be used as 
a mask byte because 
it always meets the condition 
of the 
comparison. 
One's complement 
arithmetic 
is used for com- 
parison (FF = largest number, 00 = smallest number). After 
a whole sector of data is compared, 
if the conditions 
are not 
met, the sector number is incremented 
(R + STP~R), 
and 
the scan operation 
is continued. 
The scan operation contin- 
ues until one of the following 
conditions 
occur: the condi- 
tions for scan are met (equal, 
low or high), the last sector 
on the track is reached 
(EOT), or the terminal count signal 
is received. 


If the conditions 
for scan are met, then the FOG sets the SH 
(scan hit) flag of status register 2 to a 1 (high) and termi- 
nates the Scan command. 
If the conditions 
for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EOT), then the FOG sets the SN 
(scan not satisfied) flag of status register 2 to a 1 (high) and 
terminates 
the Scan command. 
The receipt of a terminal 
count signal from the processor 
or DMA controller 
during 
the scan operation will cause the FOG to complete the com- 
parison of the particular 
byte which is in process and then 
to terminate 
the command. 
Table 8 shows the status of bits 
SH and SN under various conditions 
of Scan. 


Command 
Scan Equal 


Status Register 2 
Bit2=SN 
Bit3 
=SH 
o 
1 
1 
0 
o 
1 
o 
0 
1 
0 
o 
1 
o 
0 
1 
0 


Scan Low or 
Egual 
DFDD < DP,ocessof 


DFDO> 
Dp,ocessor 


Scan High or 
Equal 


Yldllllltt:U, 
Il t~ 
Ilt::a...•t:~;:,dr y lU 1t::lllt::IIIUt::1 lllC1l 
lIle' 
Ict;:'L 
;:'C'\"lUI 


on the track must be read. For example, if STP = 02, MT = 0, 
the sectors 
are numbered 
sequentially 
1 through 
26 and 
the Scan command 
is started 
at sector 
21, the following 
will happen: 
sectors 
21,23, 
and 25 will be read, then the 
next sector (26) will be skipped 
and the index hole will be 
encountered 
before the EOT value of 26 can be read. This 
will result in an abnormal termination 
of the command. 
If the 
EOT had been set at 25 or the scanning 
started 
at sector 
20, then the Scan command 
would be completed 
in a nor- 
mal manner. 


During the Scan cqmmand, 
data is supplied 
by either the 
processor 
or DMA controller 
for comparison 
against 
the 
data read from the diskette. 
In order to avoid having the OR 
(overrun) flag set in status register 1, it is necessary 
to have 
the data available 
in less than 27 IJ-s(FM mode) or 13 IJ-S 
(MFM mode). If an overrun occurs, the FOG ends the com- 
mand with bits 7 and 6 of status register 0 set to 0 and 1, 
respectively. 


Seek 


The read/write 
head within the FDD is moved from cylinder 
to cylinder 
under control of the Seek command. 
FOG has 
four independent 
present cylinder 
registers for each drive. 


They are cleared only after the Recalibrate 
command. 
The 


FOG compares 
the PGN (present cylinder 
number) 
which 
is the current 
head position 
with the NGN (new cylinder 


number), and if there is a difference, 
performs the following 
operations: 


PGN<NGN: 
Direction 
signal to FDD set to a 1 (high), and 
step pulses are issued. (Step in) 


PGN>NGN: 
Direction 
signal to FDD set to a 0 (low), and 
step pulses are issued. (Step out) 


Recalibrate 


The function 
of this command 
is to retract the read/write 
head within the FDD to the track 0 position. The FDC clears 
the contents 
of the PCN counter 
and checks the status of 
the track 0 signal from the FDD. As long as the track 0 signal 
IS low, the direction 
signal remains 0 (low) and step pulses 
are Issued. When the track 0 signal goes high, the SE (seek 
end) flag in status register 0 is set to a 1 (high) and the com- 
mand is terminated. 
If the track 0 signal is still low after 256 
step pulses have been issued, the FDC sets the SE (seek 
end) and EC (eqUipment check) flags of status register 0 to 
both 1s (highs) and terminates 
the command 
after bits 7 
and 6 of status register 0 are set to 0 and 1, respectively. 


The ability 
to do overlapping 
Recalibrate 
commands 
to 
multiple. 
FDDs 
and the loss of the ready 
signal, 
as de- 
sCribed In the Seek command, 
also applies to the Recali- 
brate command. 


Sense Interrupt 
Status 


An interrupt 
signal is generated 
by the FDC for one of the 
following 
reasons: 
(1) Upon entering the result phase of: 
(a) Read Data command 
(b) Read a Track command 
(c) Read 10 command 
(d) Read Deleted Data command 
(e) Write Data command 
(f) Format a Cylinder command 
(g) Write Deleted Data command 
(h) Scan commands 


(2) Ready line of FDD changes 
state 
(3) End of Seek or Recalibrate 
command 
(4) During execution 
phase in the non-DMA 
mode 


Interrupts 
caused 
by reasons 
1 and 4 above occur during 
normal command 
operations 
and are easily discernible 
by 


the processor. 
During 
an execution 
phase 
in non-DMA 
mode, DBs in the main status register is high. Upon entering 
the result phase this bit gets cleared. 
Reasons 
1 and 4 do 
not require Sense 
Interrupt 
Status commands. 
The inter- 
rupt is cleared 
by reading/writing 
data to the FDC. Inter- 
rupts caused 
by reasons 2 and 3 above may be uniquely 
identified 
with the aid of the Sense 
Interrupt 
Status com- 
mand. This command, 
when issued, 
resets the Interrupt 
signal and, via bits 5,6, and 7 of status register 0, identifies 
the cause of the Interrupt. See table 9. 


Seek End 
BitS 
o 


Interrupt 
Code 
Bit6 
Bit7 
1 
1 


Cause 
Ready line changed 
state, either polarity 
Normal termination 
of Seek or Recall- 
brate command 
Abnormaltermina- 
tion of Seek or 
Recalibrate 
command 


The Sense Interrupt 
Status command 
is used in conjunc- 
tion With the Seek and Recalibrate 
commands 
which have 
no result 
phase. 
When 
the disk drive 
has reached 
the 
desired 
head position 
the FDC72C65/FDC72C66 
will set 
the interrupt 
line true. The host CPU must then issue a 
Sense Interrupt 
Status command 
to determine 
the actual 
cause of the interrupt, which could be seek end or a change 
In ready status from one of the drives. A graphic example is 
shown in figure 4. 
I 
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Figure 4. 
Seek, Recalibrate, 
and Sense Interrupt 
Status 
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Specify 


The Specify command 
sets the initial values for each of the 


three internal timers. The HUT (head unload time) defines 
the time from the end of the execution 
phase of one of the 


ReadlWrite 
commands 
to the head unload state. This timer 


is programmable 
from 16 to 240 ms in increments 
of 16 ms 


(01 = 16 ms, 02=32 
ms ... OFH =240 
ms). The SRT (step 


rate time) defines the time interval between 
adjacent 
step 


pulses. This timer is programmable 
from 1 to 16 ms in incre- 


ments of 1 ms (F = 1ms, E = 2ms, D = 3ms, etc.). The HLT 
(head load time) defines the time between when the head 
load signal goes high and the Read/Write 
operation 
starts. 


This timer is programmable 
from 2 to 254 ms in increments 


of 2 ms (01 =2 ms, 02=4 
ms, 03= 6 ms ... 7F=254 
ms). 


The time intervals mentioned 
above are a direct function of 


the clock (CLK on pin 19). Times indicated above are for an 
8 MHz clock; if the clock was reduced to 4 MHz (minifloppy 
application), 
then all time intervals are increased by a factor 


of2. 


The choice of a DMA or non-DMA 
operation 
is made by the 


ND (non-DMA) 
bit. When this bit is high (ND = 1) the non- 
DMA mode is selected, 
and when ND = 0 the DMA mode is 


selected. 


Sense Drive Status 


This command 
may be used by the processor 
whenever 
it 


wishes to obtain the status of the FDDs. Status register 3 
contains 
the drive status 
information 
stored 
internally 
in 


FDC registers. 


Invalid 


If an Invalid command 
is sent to the FDC (a command 
not 


defined above), then the FDC will terminate 
the command 


after bits 7 and 6 of status 
register 
0 are set to 1 and 0, 
respectively. 
No interrupt 
is generated 
by the FDC72C65/ 


FDC72C66 
during 
this condition. 
Bits 6 and 7 (DIO and 


ROM) in the main status register are both 1 (high), indicat- 
ing to the processor 
that the FDC72C65/FDC72C66 
is in 


the result phase and the contents 
of status register 0 (STO) 


must be read. When the processor 
reads status register 0 


it will find an 80H, 
indicating 
an invalid 
command 
was 


received. 


A Sense 
Interrupt 
Status command 
must be sent after a 


seek or recalibrate 
interrupt, 
otherwise 
the FDC will con- 


sider the next command 
to be an Invalid command. 
In some 


applications 
the user may wish to use this command 
as a 


No-Op command 
to place the FDC in a standby or no oper- 
ation state. 


CMOS Reset Commands 


Commands 
that are available in the FDC72C65/FDC72C66 


which 
are enhancements 
over the 
FDC765A1FDC7265 


are the CMOS 
reset 
commands. 
They are initiated 
as 


follows: 


Set standby 


Reset standby 


Software 
reset 


AO RD WR D7 D6 D5 D4 D3 D2 D1 DO 


01000110101 


01000110100 


01000110110 


The software 
reset command 
is identical 
to the hardware 


reset described 
previously. 


The set standby 
command 
reduces 
power consumption 


(PD) from 10mWto 
10fLW. Pin 19 (CLK) must be active when 


setting or resetting standby mode. All other clocks (i.e. WCK, 
etc.) can be inactive. 
The supply 
voltage 
must be main- 


tained at 5 V during standby. The clock to pin 19 may be 
disabled 
during standby 
provided the following 
set-up and 


hold conditions 
are met: 


Standby 
Mode 


32+CY- - - 
_ 
24+CY 


Differences Between the 
FDC72C65/72C66 
and FDC765A/7265 


Trackformat 


Tracks to be 
recalibrated 


Skipping time 
after detection 
of index pulses 


DRO i RD t 
TE response 
time 


FDD response 
latency after 
unit select 
signal output 


Multitrack 
write by tunnel 
erase head 


Standby 
function 
(standby 
command) 


Software reset 
command 


IBM 
ECMAIISO 


255 


IBM 
EMCAIISO 


77 
255 


about 
about 


1.2ms 
0.2ms 


(at 4 MHz) (at 4 MHz) 


0.8 f.LS 
1.6 f.LS 


125 ns at 4MHz 
250 ns at 8MHz 


2.5f.Lsat 4MHz 
5.0f.Lsat 8MHz 


Data Format 


Figure 5 shows the data transfer format for the FDC72C65 
and FDC72C66 
in various modes. 


Illd.~ 


IndeJt------------RepeatNTlmes-------------< 


Inde~ 


Ind.XJ\~ 
(~ 
: 
B 


Ind.xJ\ 
I~ 
: 
~ 


r------, 
I 
\ 


VCOSYNC 
\~_~/ 
~ 
~ 


r--------i. 
I 
( 


I 


uperallng 
temperature, 
I OPT 
.•.•..••••••••• 
• • • • • • • • . • • • • • • . . • . •• 
. . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 
• • • • • • . • • . . • • •• 
v 
••.••~.... I 
I V 
••.•• 


Storage 
temperature, 
TSTG...........................................•...........•.......................... 
-55°C 
to + 125°C 
Power dissipation, 
Po 
50mW 


Comment: 
Exposing 
the device 
to stresses 
above those 
listed in Absolute 
Maximum 
Ratings 
could cause 
permanent 
damage. 
The 
device 
is not meant to be operated 
under conditions 
outside 
the limits described 
in the operational 
sections 
of the specification. 
Expo- 
sure to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 
reliability. 


PARAMETER 


Input clock capacitance 


Input capacitance 


Output 
capacitance 


Note: 


SYMBOL 
MIN 


C,N(<I» 


C'N 


COUT 


LIMITS 


TYP 
MAX 
20 
10 
20 


UNIT 
pF 


pF 
pF 


(1) All pins except pin under test tied to AC ground 


~ 


DC CHARACTERISTICS 


TA = 
-1 oDe to + lOoe, Vcc. = + 5V ± 10% 
unless 
otherwise 
specified 
Sorn':Obc.1h~/1411i. 


IJa'a 
s'sno, 
~If" 


LIMITS 


""e/nc 
"m,ls a final SIJ6c 
TEST 
a,o sUbtoe:;~~lIoo. 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
CONDITIONS~9. 


Input voltage 
low 
V'L 
-0.5 
+0.8 
V 
- 


Input voltage 
high 
V,H 
2.2 
Vee+0.5 
V 


Output 
voltage 
low 
VOL 
0.45 
V 
IOL=2.0 mA 


Output 
voltage 
high 
VOH 
2.4 
Vcc 
V 
10H= -200 
fJ.A 


Supply 
current 
(Veel 
100 
3 
10 
mA 


1001 
0.7 
2 
mA 


Input load current 
high 
IL'H 
10 
fJ.A 
V,N=Vcc 


Input load current 
low 
ILiL 
-10 
fJ.A 
V,N=OV 


Output 
leakage 
current 
high 
ILoH 
10 
fJ.A 
VOUT=Vcc 


Output 
leakage 
current 
low 
ILOL 
-10 
fJ.A 
VOUT= +0.45 
V 


AC CHARACTERISTICS 


~Af/"4"" 


T A = - 1ooe to + loDe, v cc = + 5V ± 10% 
unless 
otherwise 
specified 


LIMITS 
-I 1;,_ _ 
me/rlC 
11m; t a tlnal s 
PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
CONDITION~ 
Is.,. sUb~:';<al'On. 


°Ch 
Clock period 
<l>ey 
120 
125 
500 
ns 
(Note 4) 
0090 


125 
ns 
8"FDD 
250 
ns 
5V4' FDD 
125 
ns 
3'12" Sony (Note 3) 


Clock active (high, 
low) 
<1>0 
40 
ns 


Clock 
rise time 
<1>, 
20 
ns 


Clock fall time 
<1>, 
20 
ns 


A", CS, DACK setup time to RD~ 
tAA 
0 
ns 


A", CS, DACK hold time from RDj 
tRA 
0 
ns 


RDwidth 
tAA 
200 
ns 


Data access 
time from RD~ 
tAD 
140 
ns 
CL = 100 pF 


DB to float delay time from RDj 
tOF 
10 
85 
ns 
CL = 100pF 


A", CS, DACK setup time to WR~ 
tAW 
0 
ns 


A", CS, DACK hold time to WRj 
tWA 
0 
ns 


WRwidth 
tww 
200 
ns 


Data setup time to WRj 
tow 
100 
ns 


Data hold time from WRj 
two 
0 
ns 


INT delay time from RDj 
tAl 
400 
ns 


LIMITS 
TEST 
PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
CONDITIONS 


INT delay lime from WRj 
Iw, 
400 
ns 


DRO cycle lime 
tMCY 
13 
IJ.S 
<PCy = 125 ns (Nole 
4) 


DACK! 
-> DRO! 
delay 
lAM 
140 
ns 


DROj 
-> DACK! 
delay 
IMA 
200 
ns 
<PCy = 125 ns (Nole 
4) 


DACKwidih 
1M 
2 
<PCy 


TCwidlh 
ITc 
1 
<PCy 


Reselwidlh 
tRST 
14 
<PCy 


WCK cycle lime 
Icy 
16 
<PCy 
MFM=O, 
5'/.' 


8 
<PCy 
MFM=1,5V4' 


8 
<PCy 
MFM=0,8" 


4 
<PCy 
MFM= 
1, 8" 


8 
<PCy 
MFM = 0, 3V2' (Nole 
3) 


4 
<PCy 
MFM = 1, 3V2' (Nole 
3) 


WCK aclive 
lime 
(high) 
10 
2 
<PCy 


CLKj 
-> WCKj 
delay 
IcwH 
0 
40 
ns 


CLKj 
-> WCK! 
delay 
IcwL 
0 
40 
ns 


WCK rise lime 
IA 
20 
ns 


WCKfalilime 
I, 
20 
ns 


Preshift 
delay lime from WCKj 
Icp 
10 
80 
ns 


WCKj 
-> WEj 
delay 
IcwE 
10 
80 
ns 


WDA delay lime from WCKj 
Ico 
10 
80 
ns 


RDD aclive 
lime 
(high) 
tROD 
40 
ns 


Window 
cycle lime 
twCY 
4 
IJ.S 
MFM=O, 
5V.' 


2 
IJ.S 
MFM=1,5V4' 


2 
IJ.s 
MFM=0,8" 


1 
IJ.s 
MFM= 
1, 8" 


2 
IJ.S 
MFM = 0, 3V2' (Nole 
3) 


1 
IJ.s 
MFM = 1,3'/2' 
(Nole 
3) 


Window 
hold lime 10 RDD 
tROW 
15 
ns 


Window 
hold lime from RDD 
twAO 
15 
ns 


US.", hold lime 10 RW / seekj 
Ius 
12 
IJ.s 
8 MHz clock 
period 
(Nole 4) 


RW / seek hold lime 10 low 
Iso 
7 
IJ.S 
8 MHz clock 
period 
(Nole 
4) 


currenl 
/ direclionj 


Low currenl 
/ direclion 
hold lime 10 faull 
tOST 
1.0 
IJ.S 
8 MHz clock 
period 
(Nole 
4) 


resell 
slep j 


US." 
hold lime from faull resel / slep 1 
tSTU 
5.0 
IJ.s 
8 MHz clock period 
(Nole 
4) 


Slep aclive 
lime 
(high) 
tSTP 
6 
7 
8 
IJ.s 
(Nole4) 


Slep cycle lime 
Isc 
33 
(2) 
(2) 
IJ.S 
(Nole4) 


Faull resel aclive 
lime (high) 
IFA 
8.0 
10 
IJ.S 
(Nole4) 


Wrile dala widlh 
tWOD 
10-50 
ns 


US." 
hold lime after seek 
Isu 
15 
IJ.s 
8 MHz clock 
period 
(Nole 4) 


Seek hold lime from DIR 
IDs 
30 
IJ.S 
8 MHz clock 
period 
(Nole 
4) 


DIR hold lime after slep 
tSTD 
24 
IJ.S 
8 MHz clock 
period 
(Nole 
4) 


Index pulse widlh 
tlOX 
10 
<PCy 


RD! 
delay from DRO 
IMA 
1 
<PCy 
8 MHz clock period 
(Nole 
4) 


WR! 
delay from DRO 
IMw 
250 
ns 
8 MHz clock period 
(Nole 
4) 


WE or RD response 
lime from DROj 
tMRW 
12 
IJ.s 
8 MHz clock 
period 
(Nole 4) 


Note: 
(1) Typical values for TA = 2SoCand nominal supply voltage. 
(2) Under software control. The range is from 1 ms to 16 ms at 8 MHz 


clock period, and 2 ms to 32 ms at 4 MHz clock period. 


(3) Sony Micro Floppydisk 3Vi' drive. 
(4) Double these values for a 4 MHz clock period. 
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Circuit diagrams utilizing SMC products are included as a means of Illustrating 
typIcal semiconductor 
applica- 


tions; consequently 
complete 
information 
sufficient 
for constructlon 
purposes 
is not necessarily 
gIVen. The 


Information 
has been carefully 
checked 
and is believed to be entirety 
reliable. However, no responsibility 
IS 


assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product 
pOSSIble. 
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STANDARD 
MICROSYSTEMS 


CORPORATION,@f 
FDC91C361 
FDC92C36 


PRELIMINARY 


CMOS Floppy Disk Data Separator 


PIN CONFIGURATION 


FDC92C36/B 


DSKD 
i; 
~; 


vcc 


SEPCLK 
SEPD 
REFCLK 
CD1 
GND 
CDO 


PACKAGE: 8-pin DIP 


FDC91C36/B 


DSKD !l 
~; 


vcc 


SEPCLK 
SEPD 
REFCLK 
CDl 
GND 
CDO 


PACKAGE: 8-pin DIP 


FEATURES 
o High Performance 
Digital Data Separator 


o Pin Replacement 
for FDC9216 
(FDC92C36) 


o Performs complete 
data separation 
function for floppy 


disk drives 


o Eliminates 
all adjustments 
normally associated 
with 


high performance 
data separators 


o Single + 5 Volt Supply 
o Fully TTL compatible 
o Fabricated 
in power saving CMOS 


o Compatible 
with 3.5", 5.25" and 8" drives and data 


rates up to 500 Kb/s 


o 16-Bit half Cell Divide Algorithm 
greatly improves 


performance 
over conventional 
digital designs 


FUNCTIONAL 
DESCRIPTION 


The FDC92C36 
is a direct high performance 
CMOS pin for 


pin replacement 
for the FDC9216 
in systems 
using data 


transfer rates of 250Kb/s or 125Kb/s. 


The FDC92C36B 
can be used in systems having a 500Kb/s 


data transfer 
rate by applying 
a 16MHz input clock to pin 3 


and applying 
a low level to pin 6 and a high level to pin 5. 


The FDC91 C36/B is designed 
for use with the FDC765A, 
8272A 
or 
FDC72C65 
floppy 
disk 
controller. 
The 


FDC91C36/B 
provides 
an active high SEPD output, elimi- 


nating the inverter required when using the FDC9216/B. 


The 
FDC91 C36/FDC92C36 
incorporates 
a high perfor- 
mance, synthetic 
phase locked loop digital data separator 


EDGE 
DETECTION 
• 
LOGIC 


in a 300 mil wide 8 pin package. 


The use of a high performance 
synthetic phase locked loop 


allows the system designer 
to replace 
a costly and board 


consuming 
analog data separator 
(and the tuning normally 


required with an analog design) with a cost effective, single 
chip digital circuit. 


The FDC92C36 
and the FDC91 C36 are available 
in two 


versions: 
the 
parts 
without 
a "B" 
suffix 
(FDC92C36, 


FDC91 C36) are intended for 5.25" drives using data rates 
of 250 Kb/s, and the parts with a "B" suffix (FDC92C36B, 
FDC91C36B) are intended for 3.5",5.25" 
and 8" drives using 


data rates of 500 Kb/s. 


I 


DATNCLOCK 
SEPARATION 


LOGIC 


PULSE 
REGENERATION 
__ 
LOGIC 
SEPD 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 
1 
OiskOata 
OSKO 
Oata input signal direct from disk drive. Contains combined clock and data 
waveform. 


2 
Separated Clock 
SEPCLK 
Clock signal output from the FOOSderived from floppy disk drive serial bit stream. 
3 
Reference Clock 
REFCLK 
Reference clock input 


4 
Ground 
GNO 
Ground 


5,6 
Clock Oivisor 
COO, 
COOand C01 control the internal clock divider circuit. Refer to Table 1. 


C01 


7 
Separated Oata 
SEPO 
(FOC91C36) 


Separated Oata 
SEPO 
(FOC92C36) 
This output is the regenerated data pulse derived from the raw data input. This 
output is positive for the FOC91C36 and negative for the FOC92C36. 
8 
Power Supply 
Voo 
+ 5 volt power supply 


A reference 
clock (REFCLK) 
of 8 or 16 MHz is divided 
by 


the FDDS to provide an internal clock. The division 
ratio is 


selected 
by inputs CDO and CD1. The reference 
clock and 


division ratio should be chosen per table 1. 


The FDDS detects the leading edges of the disk data pulses 
and adjusts the phase of the internal 
clock to provide the 


SEPARATED 
CLOCK output. 


Separate 
short 
and long term timing 
correctors 
assure 


accurate 
clock separation. 


The SEPCLK frequency 
is nominally 
1/32 the internal clock 


frequency. 
Depending 
on the internal timing correction, 
the 


duration 
of any SEPCLK 
half-cycle 
may vary from a nomi- 


nal of 16 to a minimum 
of 12 and a maximum 
of 21 internal 


clock cycles. 


The reference 
clock 
(REFCLK) 
is divided 
to provide 
the 
internal clock according 
to pins CDO and CD1. 


TABLE 
1 


CDl 
COO 
8MHzREFCLK 
9.6 MHz 
16MHz REFCLK 


0 
0 
not used 
not used 
51/4" SO 
31/2" SOG) 


0 
8"SO 
51/4"00® 
8"00 
51/4"00 
51/4"00 
31/2" OOG) 


0 
51/4" SO 
not used 
8"SO 
3 1/2" SOG) 
51/4"00 
31/2" OOG) 


Illegal 
Illegal 
Illegal 


DIVISOR 
f(REFCLK)/f(INTCLK) 


4 


NOTES: (])Some 3 1/2" drives are 8" compatible (instead of 51/4" as assumed in Table 1). For these drives, use 8" values. 


®9.6 MHz clock is used to read or write a 51/4" double density diskette on a quad density drive. 


PERFORMANCE 
SPECIFICATIONS 


MFM 
PARAMETER 
500KHZ 
250KHZ 


BIT JITTER 
NOMINAL 
SPEED 
+/-260 
+/-540 


+5%SPEED 
+/-260 
+/-480 


-5%SPEED 
+/-320 
+/-640 


WINDOW 
MARGIN 
EARLY 
500 
980 
LATE 
500 
980 
COMBINED 
+/-400 
+/-740 
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nsec 
nsec 
nsec 


nsec 
nsec 
nsec 


MAXIMUM GUARANTEED 
RATINGS· 
Operating 
Temperature 
Range 
....................•........................................................ 
O°C to + 70°C 
Storage Temperature 
Range 
- 55° to + 150°C 
Lead Temperature 
(soldering, 
10 sec.) 
+ 300°C 
Positive Voltage on any 1/0 Pin, with respect to ground 
Vcc + 0.3V 
Negative Voltage on any 1/0 Pin, with respect to ground 
- 0.3V 
Power Dissipation 
..............................................•...................................•................ 
0.75W 
Maximum 
Voltage on Vcc Pin, with respect to ground 
7.0V 


'Stresses 
above those listed may cause permanent 
damage 
to the device. This is a stress rating only and functional 


operation 
of the device at these or at any other condition above those indicated in the operational 
sections of this spec- 
ification is not implied. 


NOTE: When powering this device from laboratory 
or system power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings not be exceeded 
or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" 
on their 
outputs when the AC power is switched 
on and off. In addition, voltage transients 
on the AC power line may appear on 
the DC output. If this possibility 
exists it is suggested 
that a clamp circuit be used. 


ELECTRICAL 
CHARACTERISTICS 
(TA = O°Cto 70°C, VDD = + 5V ±5%, unless otherwise noted) 


Parameter 
SYMBOL 
Min. 
l' 
Max. 
Units 


D.C. CHARACTERISTICS 


INPUT VOLTAGE LEVELS 


Low Level V'l 
0.8 
V 


High Level V,H 
2.0 
V 


OUTPUT 
VOLTAGE LEVELS 


Low Level VOL 
0.4 
V 
IOl= 1.6mA 


High Level VOH 
2.4 
V 
IOH=-100I-lA 


INPUT CURRENT 


Leakage 
I,l 
10.0 
I-lA 
O<V,N<VOD 
INPUT CAPACITANCE 


All Inputs 
10.0 
pF 
• 


POWER SUPPLY CURRENT 


IDo 
20.0 
mA 


A.C. CHARACTERISTICS 


REFCLK 
Frequency 
fey 
1.0 
8.0 
8.1 
MHz 
FOC 92C36/FDC 
91C36 
REFCLK 
Frequency 
fey 
1.0 
16.0 
16.2. 
MHz 
FDC 92C36B/FDC 
91C36B 
DSKD Active Low Time 
tOll 
0.05 
100.0 
I-ls 


CLKIN Duty Cycle 
40 
60 
% 


'AII times assume XTALlCLKIN 
= 16 MHz unless otherwise 
specified. 


J... 
fCY_~ 
~\ 
~\ 
/ 


REFCLK 
_.--~ 
~.--_. 
\~1 


,, 


INTCLK 
, 
! 


SEPCLK~ 


i, 
I 
i 


i 
I 
I 


SEPD --a-I-W-a-YS-2-~~~: 
----------~ 


, 
' 
internal i 
:- 
clock 
: 
!~ 
cycles 


, 
liLrT 


, 
, 


: 
I 
! 
~ 
~~_~~------~-~L 


8 MHz CRYSTAL 
OSCILLA.TOR 
! 


AEFCLK 


SEPD 
ADD 


FLOPPY 
DISK 
DATA 
DSKD FDC 92C36 
FDC179X 
DISK 
FLOPPY DISK 
DRIVE 


CONTROLLER 


SEPCLK 
ADW 


CD!! 
CD' 


t 
t 


lOGIC 
1 
lOGIC 
0 


TYPICAL 
SYSTEM CONFIGURATION 
FOR THE FDC92C36/B 
(FDC179X Floppy 
Disk Controller, 
5%" Drive, Double 
Density) 


FOC 765A or FOC 7265 
FLOPPYOISK 
CONTROLLER 


TYPICAL 
SYSTEM CONFIGURATION 
FOR THE FDC91C36/B 
(FDC765A Floppy 
Disk Controller, 
1.2 MB 51/4" Drive) 


STANDARD MICROSYSTEMS 
CORPORATION 


Circuit diagrams utllizing SMC products are included as a means of illustrating typical semiconduc.tor appli~ations; 
con- 


sequently complete Information sufficient for construction 
purposes is not necessanly 
given. The Information 
has been 


carefully checked and is believed to be entirely reliable. However, no responsibility 
is assumed 
for inacc~racles. Fur- 


thermore, such mformation does not convey to the purchaser of the semiconductor 
d~viC~S describ~ 
any hcens~ under 


the patent rights of SMC or others. SMC reserves the nght to make changes at any time In order to Improve design and 
supply the best product possible. 


STANDARD MICROSYSTEMS 
CORPORATIONJE, 
FDC 9216 
FDC 92168 
/lPC 
FAMILY 


Floppy Disk Data Separator 
FDDS 


FEATURES 
o PERFORMS 
COMPLETE 
DATA SEPARATION 
FUNCTION 
FOR FLOPPY DISK DRIVES 
o SEPARATES 
FM OR MFM ENCODED 
DATA 


FROM ANY MAGNETIC 
MEDIA 
o ELIMINATES 
SEVERAL SSI AND 
MSI DEVICES 
NORMALLY 
USED FOR 
DATA SEPARATION 
o NO CRITICAL 
ADJUSTMENTS 
REQUIRED 
o COMPATIBLE 
WITH 
STANDARD 


MICROSYSTEMS' 
FDC 1791, FOC 1793 AND 


OTHER 
FLOPPY DISK CONTROLLERS 
o SMALL 
8-PIN DUAL-IN-L1NE 
PACKAGE 


0+5 
VOLT ONLY POWER SUPPLY 
o TTL COMPATIBLE 
INPUTS AND OUTPUTS 


DSKD 


SEPCLK 


REFCLK 


GND 


SEPD 


CD1 


COO 


The Floppy Disk Data Separator provides a low cost 
solution to the problem of converting a single stream of 
pulses from a floppy disk drive into separate Clock and 
Data inputs for a Floppy Disk Controller. 


The FDDS consists primarily of a clock divider, a long- 
term timing corrector, a short-term timing corrector, and 
reclocking circuitry. Supplied in an 8-pin Dual-in-Line 


EDGE 
DSKD 
DETECTION 
LOGIC 


package to save board real estate, the FDDS operates 
on +5 volts only and is TTL compatible on all inputs 
and outputs. 
The FDC 9216 is available in two versions; the FDC 9216, 
which is intended for 5'14'disks and the FDC 92168 for 
5'/," and 8" disks. 


DATA/CLOCK 
SEPARATION 
LOGIC 


PULSE 
REGENERATION 
_ 
LOGIC 
_SEPD 


I 


PIN NO. 
NAME 
SYMBOL 
FUNCTION 


1 
Disk Data 
DSKD 
Data input signal direct from disk drive. Contains 
combined 


clock 
and data waveform. 
2 
Separated 
Clock 
SEPCLK 
Clock signal 
output 
from the FDDS 
derived 
from floppy 


disk drive serial bit stream. 
3 
Reference 
Clock 
REFCLK 
Reference 
clock 
input 


4 
Ground 
GND 
Ground 


5,6 
Clock Divisor 
CDO. 
CDO and CD1 control 
the internal 
clock divider 
circuit. 
The 


CD1 
:nternal 
clock 
is a submultiple 
of the REFCLK 
according 
to 


the following 
table: 


CD1 
CDO 
Divisor 


0 
0 
1 


0 
1 
2 


1 
0 
4 


1 
1 
8 


7 
Separated 
Data 
SEPD 
SEPD is the data output 
of the FDDS 


8 
Power Supply 
Voo 
+5 volt power supply 


FIGURE 
1 
TYPICAL 
SYSTEM 
CONFIGURATION 


(5'1.' Drive, Double 
Density) 


FLOPPY 
DISK 
DRIVE 


A reference clock (REFCLK) of between 2 and 8 MHz 
is divided 
by the FDDS to provide an internal clock. 


The division ratio is selected by inputs CDO and CD1. 
The 
reference 
clock 
and division 
ratio should 
be 


chosen 
per table 1. 


The FDDS detects the leading edges of the disk data 
pulses and adjusts 
the phase of the internal 
clock 


to provide the SEPARATED 
CLOCK 
output. 


Separate 
short 
and 
long 
term 
timing 
correctors 


assure accurate 
clock separation. 


The internal 
clock frequency 
is nominally 
16 times 


the SEPCLK 
frequency. 
Depending 
on the internal 


timing 
correction, 
the 
internal 
clock 
may be a 


minimum 
of 12 times to a maximum 
of 22 times the 


SEPCLK frequency. 


The reference clock (REFCLK) 
is divided to provide 


the internal 
clock according 
to pins CDO and CD1. 


TABLE 
1: 
CLOCK 
DIVIDER 
SELECTION 
TABLE 


DRIVE 
DENSITY 
REFCLK 


(8" or 5'1.') 
(DO or SO) 
MHz 
CD1 
COO 
REMARKS 
8 
DD 
8 
0 
0 


}select 
either one 
8 
SD 
8 
0 
1 


8 
SD 
4 
0 
0 


5'1. 
DD 
8 
0 
1 
}select 
either one 
5V. 
DD 
4 
0 
0 


5V. 
SD 
8 
1 
0 


}select 
anyone 
5'1. 
SD 
4 
0 
1 


5'1. 
SD 
2 
0 
0 


INTCLK 


SEPCLK~ 


W 


always two internal 
clock cycles 


I 


MAXIMUM 
GUARANTEED 
RATINGS· 
Operating 
Temperature 
Range 
.............•......•...........................•......... 
O°C to + 70°C 
Storage Temperature 
Range 
-55°C 
to +150°C 
Lead Temperature 
(soldering, 
10 sec.) 
...........................•.....••.....•................ 
+325°C 
Positive Voltage on any Pin, with respect to ground 
+8.0V 
Negative Voltage on any Pin, with respect to ground 
-0.3V 


'Stresses above those listed may cause permanent 
damage to the device. This is a stress rating only 
and functional 
operation 
of the device at these or at any other condition 
above those indicated 
in the 


operational 
sections of this specification 
is not implied. 
NOTE: When powering 
this device from laboratory 
or system power supplies, it is important 
that 
the Absolute 
Maximum 
Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" 
on their outputs when the AC power is switched 
on and off. 


In addition, 
voltage transients 
on the AC power line may appear on the DC output. 
If this possibility 
exists it is suggested that a clamp circuit 
be used. 


Parameter 
Min. 
TVD. 
Max. 
Units 
Comments 
D.C. CHARACTERISTICS 
INPUT VOLTAGE LEVELS 
Low Level V,L 
0.8 
V 
High Level V,H 
2.0 
V 
OUTPUT VOLTAGE LEVELS 
Low Level VOL 
04 
V 
IOL=1.6mA 
High Level VOH 
24 
V 
IOH=-100 
f.JA 
INPUT CURRENT 
Leakage I,L 
10 
f.JA 
o :SV'N:SVOO 


INPUT CAPACITANCE 
All Inputs 
10 
pF 
POWER SUPPLY CURRENT 


100 
60 
mA 
A.C. CHARACTERISTICS 
Symbol 
fe, 
REFCLK Frequency 
0.2 
4.3 
MHz 
FDC 9216 
fe, 
REFCLK Frequency 
0.2 
8.3 
MHz 
FOC 92168 
tCKH 
REFCLK High Time 
50 
2500 
ns 


tCKL 
REFCLK Low Time 
50 
2500 
ns 


tSOON 
REFCLK to SEPD "ON" Delay 
25 
100 
250 
ns 
tSOOFF 
REFCLK to SEPD "OFF" Delay 
25 
100 
250 
ns 
tSPCK 
REFCLK to SEPCLK Delay 
35 
ns 
tOLL 
DSKD Active Low Time 
0.1 
100 
f.Js 
tOLH 
DSKD Active High Time 
0.2 
100 
f.JS 


____ 
t'~l 


SEPClK--------------------- 
__ C 
DSKD-[~']F'-=\~ 


STANDARD MICROSYSTEMS 
CORPORATION,.i 
FDC9229T 
FDC9229BT 


FLOPPY DISK INTERFACE CIRCUIT 


FEATURES 
o Digital Data Separator 


Performs complete 
data separation 


function for floppy disk drives 
Separates 
FM and MFM encoded data 


No critical adjustments 
necessary 


5'14' and 8" compatible 
o Variable Write Precompensation 
o Internal Crystal Oscillator 
Circuit 


o Track-Selectable 
Write Precompensation 


o Retriggerable 
Head-Load 
Timer 


o Compatible 
with the FDC 179X, 765, and 


other standard 
Floppy Disk Controllers 
o COPLAMOS@ n-channel 
MOS Technology 
o Single + 5 Volt Supply 
o TTL Compatible 


DSKD .1 
\..J 
20 Vce 


FDCSEL 2 
19 P2 


MINI 3 
18 P1 


EARLY 
WDIN 
DENS 4 
17 PO 


~~AUCLKIN 
SEPCLK 5 
16 TEST 


GND 
SEPD 6 
15 HLD 
CLKOUT 
NC 
WDOUT 7 
14 LATE 


NC 
P, 
vcc 


NC 


DSKD 
FDCSEL 


MINI 


25242322212019 
26 
18 


27 
17 
28 
16 
1 
15 
2 
14 
3 
13 


4 
12 


5 
6 
7 
8 
9 10 11 


ucn:::.:::uo 
•..... 
:::.::: 


zffidZfri5d 
o~ 
Cf)~~ 


PACKAGE: 28-pin PLCC 


HLT/CLK 8 


CLKOUT 9 


13 EARLY 


12 WDIN 


GND10 u- __ 
-u11 
CLKIN 


PACKAGE: 20·pin DIP 


The FDC 9229 is an MOS integrated 
circuit designed 
to 


complement 
either the 179X or 765 (8272) type of floppy 


disk controller 
chip. It incorporates 
a digital data separator, 


write precompensation 
logic, and a head-load 
timer in one 


O.3-inch wide 20-pin package. A single pin will configure the 
chip to work with either the 179X or 765 type of controller. 
The FDC 9229 provides a number of different dynamically 
selected 
precompensation 
values so that different 
values 


may be used when writing to the inner and outer tracks of 
the floppy disk drive. The FDC 9229 operates 
from a + 5V 


supply and simply requires that a TTL-Ievel 
clock be con- 


nected to the CLKIN 
pin. All inputs and outputs 
are TTL 


compatible. 


The FDC 9229 
is available 
in two versions: 
The FDC 


9229/T 
are intended 
for 5'14'drives and the FDC 9229B/T 


for 5'14' and 8" drives. 
• 


FDC9229 


BLOCK DIAGRAM 


PIN NO. 
SYMBOL 
I/O 
DESCRIPTION 


1 
DSKD 
I 
This input is the raw read data received from the drive. (This input is 
active low.) 


2 
FDCSEL 
I 
This input signal, when low, programs the FDC 9229 for a 179X type of 
LSI controller. When FDCSEL is high, the FDC 9229 is programmed 
for a 


765 (8272) type of controller. (See fig. 4.) 


3 
MINI 
I 
The state of this input determines 
whether the FDC 9229 is configured 


to support 8" or 5'14' floppy disk drive interfaces. 
It is used in conjunction 


with the DENS input to prescale the clock for the data separator. The 
state of this input also alters the CLKOUT 
frequency, the 
precompensation 
value, the head load delay time (when in 179X mode) 


and the HLT/CLK frequency 
(when in 765 mode). (See figs. 2, 3, and 4.) 


4 
DENS 
I 
The state of this input determines 
whether the FDC 9229 is configured 


to support single density (FM) or double density 
(MFM) floppy disk drive 


interfaces. 
It is used in conjunction 
with the MINI input to prescale the 


clock for the data separator. The state of this input also alters the 
CLKOUT 
frequency 
when in the 765 mode. (See figs. 2, 3, and 4.) 


5 
SEPCLK 
0 
A square-wave 
window clock signal output derived from the DSKD input. 


6 
SEPD 
0 
This output is the regenerated 
data pulse derived from the raw data input 


(DSKD). This signal may be either active low or active high as 
determined 
by FDCSEL (pin 2). 


7 
WDOUT 
0 
The precompensated 
WRITE 
DATA stream to the drive. 


8 
HLT/CLK 
0 
When in the 765 mode (FDCSEL 
high), this output is the master clock to 


the floppy disk controller. When in the 179X mode, this signal goes high 
after the head load delay has occurred following 
the HLD input going 


high. This output is retriggerable. 
(See fig. 3.) 


9 
CLKOUT 
0 
This signal is the write clock to the floppy disk controller. 
Its frequency 
is 


determined 
by the state of the MINI, DENS, and FDCSEL 
input pins. 


(See fig. 3.) 


10 
GND 
Ground 


11 
CLKIN 
I 
This input is for direct connection 
to a 16 MHz or 8 MHz single-phase 


TTL-Ievel clock. 


12 
WDIN 
I 
The write data stream from the floppy disk controller. 


13 
EARLY 
I 
When this input is high, the current WRITE DATA pulse will be written 
early to the disk. 


14 
LATE 
I 
When this input is high, the current WRITE DATA pulse will be written late 
to the disk. 
When both EARLY and LATE are low, the current WRITE DATA pulse will 
be written at the nominal position. 


15 
HLD 
I 
This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT/CLK output after the specified 
head-load 
time delay 


has elapsed. The delay is selected 
by the state of the MINI output. (See 


fig. 3.) In 765 mode, this pin should be left floating or grounded. 


16 
TEST 
I 
This input (when low) decreases 
the head-load 
time delay and initializes 


the data separator. This pin is for test purposes 
only. This input has an 


internal pull-up resistor and should be tied high or disconnected 
for 


normal operation. 


17 
PO 
I 


18 
P1 
I 
P2-PO select the amount of precompensation 
applied to the write data. 


19 
P2 
I 


(See fig. 2.) 


20 
Vcc 
+5 VOLT SUPPLY 


Data Separator 
The CLKIN input clock is internally divided by the FDC 9229 
to provide 
an internal 
clock. The division 
ratio is selected 


by the FDCSEL, 
MINI and DENS inputs depending 
on the 


type of drive used. (See fig. 1.) 


The FDC 9229 detects 
the leading 
(negative) 
edges 
of 


the disk data pulses and adjusts the phase of the internal 
clock to provide the SEPCLK output. 


Separate 
short- 
and long-term 
timing 
correctors 
assure 


accurate clock separation. 


The SEPCLK 
frequency 
is nominally 
'/16 the internal clock 


frequency. 
Depending 
on the internal timing correction, 
the 


duration of any SEPCLK 
half-cycle 
may vary from a nomi- 


nal of 8 to a minimum 
of 6 and a maximum 
of 11 internal 


clock cycles. 


INPUTS 


FDCSEL 
DENS 
o 
0 
o 
0 
o 
1 
o 
1 
1 
0 
1 
0 
1 
1 
1 
1 


DIVISOR 
MINI 
f(CLKIN)/f(INTCLK) 


o 
2 
1 
4 
o 
4 
1 
8 
o 
4 
1 
8 
o 
2 
1 
4 


SEPCLK ---J 


SEPD* 
I 
LJ 
I 
LJ 
I 
I 
LJ 


always two internal clock cycles 


Precompensation 
The desired 
precompensation 
delay is determined 
by the 


state of the PO, P1 and P2 inputs of the FDC 9229 as per 
fig. 2. Logic levels present on these pins may be changed 
dynamically 
as long as the inputs are stable during the time 


the floppy disk controller is writing to the drive and the inputs 
meet the minimum setup time with respect to the write data 
from the floppy disk controller. 


MINI 
P2 
P1 
PO 
PRECOMP 
VALUE 


0 
0 
0 
0 
o ns 


0 
0 
0 
1 
62.5 ns 


0 
0 
1 
0 
125 ns 


0 
0 
1 
1 
187.5 ns 


0 
1 
0 
0 
250 ns 


0 
1 
0 
1 
250 ns 


0 
1 
1 
0 
312.5 ns 


0 
1 
1 
1 
312.5 ns 


MINI 
P2 
P1 
PO 
PRECOMP 
VALUE 


1 
0 
0 
0 
o ns 
1 
0 
0 
1 
125 ns 
1 
0 
1 
0 
250 ns 
1 
0 
1 
1 
375 ns 
1 
1 
0 
0 
500 ns 
1 
1 
0 
1 
500 ns 
1 
1 
1 
0 
625 ns 
1 
1 
1 
1 
625 ns 


NOTE: All values shown are obtained 
with a 16 MHz ref- 


erence clock. Multiply pre-comp 
values by two for 


8 MHz operation. 


FIG. 2 WRITE PRECOMPENSATION 
VALUE SELECTION 


• 


Head Load Timer 
The head load time delay is either 40 ms or 80 ms, depend- 
ing on the state of MINI. (See fig. 3.) The purpose 
of this 


delay is to ensure that the head has enough time to engage 
properly. The head load timer is only used in the 179X mode; 
it is non-functional 
in the 765 mode. 


The FDC 179X initiates the loading of the floppy disk drive 
head by setting HLD high. The controller then waits the pro- 
grammed 
amount of time until the HLT signal from the FDC 


9229 goes high before starting a read or write operation. 


INPUTS 
OUTPUTS 


FDCSEL 
DENS 
MINI 
CLKOUT 
HLT/CLK 


0 
0 
0 
2MHz 
40 ms* 


0 
0 
1 
1 MHz 
80 ms* 


0 
1 
0 
2MHz 
40 ms* 


0 
1 
1 
1 MHz 
80 ms* 


0 
0 
500 KHz 
8MHz 
0 
1 
250 KHz 
4MHz 
1 
0 
1 MHz 
8MHz 
1 
1 
500 KHz 
4MHz 


NOTE: All values 
shown 
are obtained 
with a 16 MHz ref- 
erence clock. Divide all frequencies 
and multiply all 
periods by two for 8 MHz operation. 


*May be mask programmed 
at factory to any value from 1 
to 512 ms in 15.625 f.ls increments 
(MINI low) or 1 to 1024 
ms in 31.25 f.ls increments 
(MINI high). 


FIG. 3 CLOCK AND HEAD LOAD 
TIME DELAY SELECTION 


INPUTS 
FLOPPY 
DISK 
FLOPPY 
DISK 
FLOPPY 
DISK 
FDCSEL 
DENS 
MINI 
DRIVE TYPE 
DRIVE DENSITY 
CONTROLLER 
TYPE 


0 
0 
0 
8"DRIVE 
DOUBLE 
179X 


0 
0 
1 
5'14' DRIVE 
DOUBLE 
179X 
0 
1 
0 
8" DRIVE 
SINGLE 
179X 


0 
1 
1 
5%"DRIVE 
SINGLE 
179X 


0 
0 
8" DRIVE 
SINGLE 
765 (8272) 


0 
1 
5'14' DRIVE 
SINGLE 
765 (8272) 


1 
0 
8" DRIVE 
DOUBLE 
765 (8272) 


1 
1 
5%"DRIVE 
DOUBLE 
765 (8272) 


FIG. 4 FLOPPY DISK DRIVE AND CONTROLLER SELECTION 


Operating 
Temperature 
Range 
. 


Storage 
Temperature 
Range 
Lead Temperature 
(soldering, 
10 sec.) 
Positive 
Voltage 
on any I/O Pin, with respect 
to ground 


Negative 
Voltage 
on any I/O Pin, with respect 
to ground 
Power Dissipation 
.. 
. 
. 


. . . . . . . . . . . . . . . .. . . . 
.. 
O°C to + 70°C 


.............. 
, 
- 55° to + 150°C 


+ 300°C 


.......... 
+8.0V 
-0.3V 


.0.75W 


'Stresses 
above 
those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these 
or at any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
be exceeded 
or device 
failure 
can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 
is switched 
on and off. In addition, 
voltage 
transients 
on the AC power line may appear 
on the DC output. 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
CONDITIONS 


DC CHARACTERISTICS 
INPUT 
VOLTAGE 
Low Level VIL 
-0.3 
0.8 
V 
Except 
CLKIN 
High Level V,H 
2.0 
(Vee) 
V 


CLKIN 
INPUT 
VOLTAGE 
Low Level 
-0.3 
0.8 
V 
High Level 
2.4 
(Vee) 
V 


OUTPUT 
VOLTAGE 
Low Level V",- 
0.4 
V 
10L= 1.6 mA except 
HLT/CLK 


10L= 0.4 mA, HLT/CLK 
only 


High Level VOH 
2.4 
V 
10H= -100 
fJ-Aexcept 
HLT/CLK 


10H= 
-400 
fJ-A,HLT/CLK 
only 


POWER 
SUPPLY 
CURRENT 


I~ 
100 
mA 


INPUT 
LEAKAGE 
CURRENT 
III 
10 
fJ-A 
V,N = Oto Vee 


INPUT 
CAPACITANCE 
10 
pF 
Except 
CLKIN 


C'N 
25 
pF 
CLKINonly 
I 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
CONDITIONS 


AC ELECTRICAL 
All times assume 
CLKIN 
= 16 MHz unless 
otherwise 
specified) 
CHARACTERISTICS 


CLKIN 
frequency 
3.95 
16 
16.2 
MHz 
FDC9229B 
3.95 
8 
8.1 
MHz 
FDC 9229 


CLKIN 
DUTY 
CYCLE 
25 
75 
% 


!"."" 
465 
500 
515 
ns 
FDCSEL 
= low; MINI = high. 


215 
250 
265 
ns 
FDCSEL 
= low; MINI = low. 


90 
125 
140 
ns 
FDCSEL 
= high. 


t..do 
280 
312.5 
350 
ns 
Time 
Doubles 
with MINI = 1 


I. 
50 
400 
ns 
t.NEe 
0 
400 
ns 


I...E 
500 
562.5 
625 
ns 
9 clock times 
± 1 clock time 
twdN 
precomp 
value 
See fig. 2 
I...L 
2x precorp 
value 
See fig. 2 


t, 
1.0 
fJ-S 


~=.. 
~~_-4~MHZ 
__ 
~----- 


~,.,,_I- 


.A 
\------- 


\ 
1 


TYPICAL SYSTEM IMPLEMENTATION-765 
(8272) FOC 


DRIVE 


765 (8272) 
G1 
G2 
2SIOEO 


WP/TS 
WPRT 


TRK00 


FLTITR0 
-1J- 
FAULT 


RW/SEEK 


-G1 


FAULT 


RST 
00- 
OB0- 
FRISTP 
STEP 
07 
OB7 
LOW CUR 


LCT/OIR 
OIR 


0 
E 
ORSEL4 


INT 
US1 
C 
ORSEL3 
0 


CS 
US0 
0 
ORSEL2 


RO 
E 
ORSEL1 


HOL 
R 
WR 


A0 
ROY 
ROY 
FDC9229 
HLO 


ORO 
lOX 
lOX 


OACK 
WE 
WE 
TEST 
TC 
HO 
SIDE SEL 
I 


+5V 
FDCSEL 


RST 
WOOUT 
WOATA 


WOA 
WOIN 


PS0 
EARLY 


PS1 
LATE 
* 
RAW 
ROW 
SEPCLK 
OSKO 
READ 


ROD 
SEPO 


MFM 
P2 
WCK 
MINI 


CLK 
DENS 
P1 
CLKOUT 


HLT/CLK 
P0 
CLKIN 
':' 


16MHz 
LATCH 
TTL 
INPUT 
ROY 
ROY 


10Y 
lOX 


WE 
WE 


00-07 
SIOESEL 
SIDE 


MOTOR 
ON 


"The FOC9229/B, 
as all other NMOS integrated 
circuits, 
presents 
a high 


impedance 
on all inputs. 


To avoid soft errors caused 
by transmission 
line effects and noise where 
there is long cabling 
between 
the floppy disk drive and the controller 
board, the 
use of a (nOn-inverting)sTTL 
schmidt-trigger 
input gate or bus transceiver 
is 


recommended 
at the 0 
KO input to the FOC9229/B. 


TR00 
TRK00 
WPRT 
WPRT 


If' 
INDEX 


READY 
READY 
DIR 
DIR 
STEP 
STEP 


WG 
WRITE 
GATE 


HLD 
HLD 


FDC·9229 


HLD 
RAWRD 
SEPD 
HLT 
HLT/CLK 
DSKD 
RAW READ 
RCLK 
SEPCLK 
FDCSEL 
- 
DDEN 
DENS 
WDATA 
MINI 
WD 
WDIN 
EARLY 
EARLY 


LATE 
LATE 
TG43 


CLK 


-: 


16MHz 
TTL INPUT 


LATCH 
lCUR 


MOTOR ON 


SIDE 
00-07 
SEl3 


SEl2 
SEL1 


"The FDC9229/B, 
as all other NMOS integrated circuits, presents a high 


impedance on all inputs. 
To avoid soft errors caused by transmission line effects and noise where 


there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-invertinQ) TTl 
schmidt-trigger 
input gate or bus transceiver is 


recommended 
at the DSKD input to the FDC9229/B. 


STANDARD 
MICROSYSTEMS 


CORPORATION 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applica- 
tions; consequently 
complete 
information 
sufficient 
for construction 
purposes is not necessarily 
given. The 
information 
has been carefully 
checked 
and is believed to be entirely 
reliable. However, 
no responsibility 
is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 


STANDARD MICROSYSTEMS 
CORPORATION,' 
" 


FDC 92C38/92C38B 
FDC 92C38T/92C38BT 


CMOS Floppy Disk Data Separator 
and Clock Generator 


FEATURES 
o High Performance 
Digital Data Separator 
with 


Synthetic Oscillator 
and Phase Lock Loop for 


industry standard 
FOC 765A and FOC 7265 


o Performs complete 
data separation 
function for floppy 


disk drives 


o Eliminates 
all adjustments 
normally associated 
with 


high performance 
data separators 


o Compatible 
with 3.5", 5.25" and 8" drives and data 


rates up to 500 KBs 


o Internal Crystal Oscillator 
Circuit provides all clocks 


required by FOC 765A and FOC 7265 


o Fabricated 
in power saving CMOS 


o 16-Bit half Cell Divide Algorithm 
greatly improves 


performance 
over conventional 
digital designs 


o Single + 5 Volt supply 
o Fully TTL compatible 


v~ 


CDo 
CD, 


SEPClK 


SEPD 
ClK 
WClK 


The FOC 92C38 is a CMOS integrated 
circuit designed 
to 


complement 
the FOC 765A (8272A) or the FOC 7265 floppy 


disk controller. 
It incorporates 
a high performance, 
syn- 


thetic phase locked 
loop digital data separator 
and clock 


generator 
in one 0.3 inch wide 14 pin package. 


The use of a high performance 
synthetic phase locked loop 


data separator allows the system designer to replace (with- 
out sacrificing 
performance) 
a costly and board consuming 


DSKD 
v~ 
NC 
XTAl, 
GND, 
XTAl,/ClKIN 
GND, 


analog 
data separator 
(and the tuning 
normally 
required 


with an analog 
design) 
with a cost effective, 
single 
chip 


digital circuit. 


The 
FOC 92C38 
is available 
in four versions: 
the FOC 


92C38/T 
which is intended for disk transfer rates up to 250 


kilobits per second and the FOC 92C38B/T 
is intended for 


disk transfer rates up to 500 kilobits per second. 


I 


FLOPPY 
DISK 
DRIVE 


COo 
SEPD 


CD, 
ClK 


8/16 MHz or 
TTl INPUT 


(XTAl 1 ONLY) 


~ 
...J 
() 


XTAl, 
::b 


XTAl, 
en 


WCll< 


'The 
FDC92C38/BIT, as all other CMOS integrated circuits, 


presents a high impedance 
on all inputs 
To avoid soft errors caused by transmission 
line effects and 


noise where there is long cabling between the floppy disk drive 
and the controller 
board, the use of a (non-inverting) 
TTL 


schmidt-trigger 
input gate or bus transceiver 
is recommended 
at 


the DSKD input to the FDC92C38/BIT. 


ROD 
'" 
ClK 
CD 
C\l 
r-- 
()0 
u. 


ROW 
~ 
'" 
CDr-- 
() 


FDC 92C38 
0 
u. 


WClK 


PIN NO. 
SYMBOL 
1/0 
DESCRIPTION 


1 
V~ 
I 
This pin MUST be tied to V~. 


2,3 
CDo,CD, 
I 
These inputs select the appropriate 
internal clock divisor 
for the data rate of the disk data, the ClK output to the 
FDC and the WClK 
output to the FDC. Refer to Table 1. 


4 
SEPClK 
0 
A Square wave window clock signal output derived from 
the DSKD input. 


5 
SEPD 
0 
This output is the regenerated data pulse derived from the 
raw data input (DSKD). To insure complete compatibility 
with the FDC 765A and FDC 7265, this output is positive 
going. 


6 
ClK 
0 
This output provides the clock signal for the FDC 765A or 
FDC7265. 


7 
WClK 
0 
This output provides the write clock signal for the FDC 
765A or FDC 7265. 


8 
GND, 
Ground 


9 
XTAl,lClKIN 
I 
This input is for direct connection to an 8 or 16 MHz single- 
phase TTl 
level clock, or one lead from an 8 or 16 MHz 


crystal. 


10 
GND, 
I 
This pin must be tied to ground. 


11 
XTAl, 
I 
In the FDC 92C38 and FDC 92C38B, the second lead from 
an 8 or 16 MHz crystal is connected 
to this pin. In the FDC 


92C38T and FDC 92C38BT, this pin should be left fioating. 


12 
NC 
No connection should be made to this pin. 


13 
V~ 
I 
+5 Volts 


14 
DSKD 
I 
This input is the raw read data received from the drive. 
(This input is active low.) 
I 


The high performance 
digital 
data separator 
incorporated 


in the FDC 92C38 
will accept 
data from the floppy 
disk drive 


at 125 KHz, 250 KHz, or 500 KHz data rates and output the 
appropriate 
regenerated 
clock 
and data signals. 


The heart of the digital 
floppy 
disk data separator 
section 
is 


a synthetic 
oscillator 
phase 
locked 
loop. One half-bit 
cell of 


the incoming 
data stream 
corresponds 
to one cycle 
of the 


synthetic 
oscillator. 
Each 
oscillator 
cycle 
consists 
nomi- 
nallyof 
16 phase slices. The circuit, therefore, 
needs a phase 


slice clock with a frequency 
of 16 times the half-bit 
cell time. 


Detection 
of an input pulse 
away from the center 
of its half- 
bit "slot" 
causes 
a phase correction 
to be applied 
to the syn- 


thetic oscillator, 
bringing 
the center 
of the half-bit 
slot closer 
to the pulse. 


The end-of-cycle 
signal 
from the synthetic 
oscillator 
defines 


the derived 
clock 
waveform 
and the duration 
of each 
half- 


bit slot. 
If there 
is a flux transition 
during 
the half-bit 
slot, it 


is remembered 
and used to regenerate 
the data waveform 


pulses 
immediately 
following 
the end-of-cycle. 


A short 
history 
of input 
pulse 
detections 
(which 
induce 


phase corrections 
by the FDC 92C38) 
is kept. This history 
is 


used 
to allow 
subsequent 
phase 
corrections 
to request 


upward 
or downward 
changes 
in center 
frequency, 
and 


helps 
compensate 
for drive 
speed 
variations. 
This, 
along 


with 
separate 
short 
term 
and 
long 
term 
correction 


algorithms, 
assures 
accurate 
floppy 
disk data separation. 


~ 


I 
I 
I 
I 
~ 
!: 
I 
: 
I 
I 
SEPD 
~r--; 
: 


always 2 
I 
t 
I 


int~~~ -+-: 
1.- 
: 


cycles 
: 
I 
I 
I 
l~ 
always 4 internal clock cycles 


I 
I 
I 


I 
I 
I 
I 


1 
f 


, 
: 
I 
! 
r---1~ 
~r---1~ 
_ 


Po~itive 
V;ltage 
C;;n'~~y 1/0 Pin,' ';ilh 
;espect 
to ground 
Vcc + 0.3V 
Negative 
Voltage 
on any 1/0 Pin, with respect 
to ground 
-fJ.3V 
Maximum 
Vcc 
+ 7V 
Power 
Dissipation 
0.25W 


Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
be exceeded 
or device failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 
is switched 
on and off. In addition, 
voltage 
transients 
on the AC power line may appear 
on the DC output. 


ELECTRICAL 
CHARACTERISTICS 
(T. = O·C to 70·C, Vcc = + 5V ±5%) 
~~~~~~!~~!lY 
e SUbJect to chan 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 
CONDITION 
96 ~ 


DC CHARACTERISTICS 
~ 


INPUT 
VOLTAGE 


low 
(V,J 
-0.3 
0.8 
V 
Except 
XTAUClKIN 
High (V'H) 
2.0 
V~ 


XTAUClKIN 
INPUT 
VOLTAGE 


low 
(V'L) 
-0.3 
1.5 
V 


High (V'H) 
3.2 
V~ 
V 


OUTPUT 
VOLTAGE 
lOL = 1.6 ma, except ClK 
low 
(VOL) 
0.4 
V 
LeL= 0.4 ma, ClK 
only 


lOH= -100fLa, 
except 
ClK 
High (VOH) 
2.4 
lOH= -400fLa, 
ClKonly 


POWER 
SUPPLY 
CURRENT 


I~ 
TBD 


INPUT 
lEAKAGE 
CURRENT 


I'L 
TBD 


INPUT 
CAPACITANCE 


C'N 
TBD 


AC ELECTRICAL 
(All times assume 
XTAUClKIN 
= 16 MHz unless 


CHARACTERISTICS 
otherwise 
specified) 


ClKIN 
Frequency 
3.95 
16 
16.2 
MHz 
FDC 92C38B/BT 


3.95 
8.0 
8.1 
MHz 
FDC 92C38/T 


ClKIN 
Duty Cycle 
40 
60 
% 


TClKOH 
90 
125 
140 
ns 


ClKl:... 
=--=--=----4-0~MHZ---~ 


XTAl 


16MHz 
16MHz 
16MHz 
16MHz 
8MHz 
8MHz 
8MHz 
8MHz 


Inputs 
CD, 
CD. 


o 
0 
1 
0 
o 
1 
1 
1 
o 
0 
1 
0 
o 
1 
1 
1 


DISK 
DATA RATE 
ClK 


250KHz 
8MHz 
500KHz 
8MHz 
125KHz 
4MHz 
250KHz 
4MHz 
125KHz 
4MHz 
250KHz 
4MHz 
Not Used 
Not Used 


WClK 


500KHz 
lMHz 
250KHz 
500KHz 
250KHz 
500KHz 


ENCODING 


FM 
MFM 
FM 
MFM 
FM 
MFM 


WCl~ 
TCLKOH=1'- 


STANDARD MICROSYS'TEMS 
CORPORATION 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applications: 


ocnsequently 
ocmplete 
information 
sufficient for ocnstruction 
purposas 
is not necessarily 
given. The Information 


has been carefully checked and is believed to be entirely reliable. However, no responsibility 
is assumed for inac- 


curacies. Furthermore, 
such Information does not convey to the purchaser of the semiconductor 
devices described 


any license under the patent rights of SMC or others. SMC reserves the right to make changes at any time in order 
to Improve design and supply tne best product possible. 


STANDARD MICROSYSTEMS 
CORPORATIONiE 
FDC 92C39/92C39B 


92C39T 192C39BT 


PRELIMINARY 


ENHANCED 
FLOPPY DISK INTERFACE CIRCUIT 


FEATURES 
o Digital Data Separator 
Performs complete 
data separation 
function 


for floppy disk drives 


Separates 
FM and MFM encoded data 


No critical adjustments 
necessary 


3%", 5%" and 8" compatible 


o Variable Write Precompensation 
o Internal Crystal Oscillator 
Circuit 


o Retriggerable 
Head-Load 
Timer 


o Fully compatible 
with FDC 179X, FDC 765A and 


FDC7265 


o 16-Bit Cell Divide Algorithm 
Improves Performance 


o Fabricated 
in Low Power CMOS 


o Single + 5 Volt Supply 
o TTL Compatible; 
Fully Compatible 
with the FDC 9229 


DSKD 
\..J 
20 
Vcc 


FDCSEL 
2 
19 
P2 


MINI 
3 
18 
P1 


DENS 
4 
17 
PO 


SEPCLK 
5 
16 
XTAL2 


SEPD 
6 
15 
HLD 


WDOUT 
7 
14 
LATE 


HLT/CLK 
8 
13 
EARLY 


CLKOUT 
9 
12 
WDIN 


GND 
10 
11 
XTAL 1/CLKIN 


PACKAGE: 20·pin D.I.P. 


.:1 
w 


~a:-cd~~~ 
I 
NlC 


P, 


vcc 


DSKD 
FDCSEL 


MINI 


N/C 


N/C 
EARLY 
WDIN 
XTAL, 


VSS 
CLKOUT 


N/C 


FUNCTIONAL 
DESCRIPnON 


The FDC 92C39 is a CMOS integrated 
circuit designed 
to 
values 
may be used when writing 
to the inner and outer 
complement 
either the 179X or 765 (8272) type of floppy 
tracks of the floppy disk drive. The FDC 92C39 operates 
disk controller 
chip. It incorporates 
a digital data separator, 
from a +5V supply. 


write precompensation 
logic, and a head-load 
timer in one 


O.3-inch 
wide 20-pin 
package. 
A single pin will configure 


the chip to work with either the 179X or 765 type of control- 
ler. The FDC 92C39 provides a number of different dynami- 
cally 
selected 
precompensation 
values 
so that different 


The 
FDC 92C39 
is available 
in four versions: 
the 
FDC 


92C39/T 
which 
is intended 
for 5%" drives 
and the FDC 


92C39B/T 
for 3%", 5114", and 8" drives. 
(The IT versions 


require a TTL clock input.) 


PIN NO. 
SYMBOL 
I/O 
DESCRIPTION 


1 
DSKD 
I 
This input is the raw read data received from the drive. (This input is 
active low.) 


2 
FDCSEL 
I 
This input signal, when low, programs the FDC 92C39 for a 179X type of 
LSI controller. When FDCSEL is high, the FDC 92C39 is programmed 
for 
a 765 (8272) or 7265 floppy disk controller. (See fig. 4.) 


3 
MINI 
I 
The state of this input determines whether the FDC 92C39 is configured to 
support 8" or 5%" floppy disk drive intenaces. It is used in conjunction 
with 
the DENS input to prescale the clock for the data separator. The state of 
this input also alters the CLKOUT frequency, the precompensation 
value, 
the head load delay time (when in 179X mode) and the HLT/CLK 
frequency 
(when in 765 mode). See figs. 2, 3, and 4.) 


4 
DENS 
I 
The state of this input determines whether the FDC 92C39 is configured to 
support single density (FM) or double density (MFM) floppy disk drive 
intenaces. It is used in conjunction 
with the MINI input to prescale the 
clock for the data separator. The state of this input also alters the CLKOUT 
frequency when in the 765 mode. (See figs. 2, 3, and 4.) 


5 
SEPCLK 
0 
A sauare-wave 
window clock sianal output derived from the DSKD input. 


6 
SEPD 
0 
This output is the regenerated 
data pulse derived from the raw data input 
(DSKD). This signal may be either active low or active high as 
determined 
by FDCSEL (pin 2). 


7 
WDOUT 
0 
The precompensated 
WRITE 
DATA stream to the drive. 


8 
HLT/CLK 
0 
When in the 765 mode (FDCSEL 
high), this output is the master clock to 
the floppy disk controller. When in the 179X mode, this signal goes high 
after the head load delay has occured following 
the HLD input going high. 


This output is retriqqerable. 
(See fiq. 3.) 


9 
CLKOUT 
0 
This signal is the write clock to the floppy disk controller. 
Its frequency 
is 
determined 
by the state of the MINI, DENS and FDCSEL 
input pins. 


(See fig. 3.) 


10 
GND 
Ground 


11 
XTAL 1/CLKIN 
I 
This input is for direct connection 
to a 16 MHz or 8 MHz single-phase 
TTL-Ievel clock, or one lead from an 8 MHz or 16 MHz crystal. 


12 
WDIN 
I 
The write data stream from the floppy disk controller. 


13 
EARLY 
I 
When this input is high, the current WRITE 
DATA pulse will be written 
earlv to the disk. 


14 
LATE 
I 
When this input is high, the current WRITE 
DATA pulse will be written late 


to the disk. 
When both EARLY and LATE are low, the current WRITE 
DATA pulse will 
be written at the nominal position. 


15 
HLD 
I 
This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT/CLK output after the specified head-load 
time delay 


has elapsed. The delay is selected by the state MINI output. (See fig. 3.) 
In 765 mode this pin must not be forced high. 


16 
XTAL2 
I 
The second lead from an 8 MHz or 16 MHz crystal is connected 
to this 


pin. In those applications, 
using a TTL clock, this pin should be left 
floating. 


17 
PO 
I 


18 
P1 
I 
P2-PO select the amount of precompensation 
applied to the write data. 


19 
P2 
I 
(See fig. 2.) 


20 
Vcc 
+5 VOLT SUPPLY 


Data Separator 
The CLKIN input clock is internally divided by the FDC 92C39 
to provide an internal clock. The division ratio is selected by 
the FDCSEL, MINI and DENS inputs depending on the type 
of drive used. (See fig. 1.) 


The FDC 92C39 detects the leading (negative) edges of the 
disk data pulses and adjusts the phase of the internal clock 
to provide the SEPCLK output. 


Separate 
short- 
and long-term 
timing 
correctors 
assure 


accurate clock separation. 


The SEPCLK 
frequency 
is nominally 
'/32 the internal clock 


frequency. 
Depending 
on the internal timing correction, 
the 


duration of any SEPCLK 
half-cycle 
may vary from a nomi- 
nal of 16 to a minimum 
of 12 and a maximum 
of 21 internal 


clock cycles. 


INPUTS 


FDCSEL 
DENS 
o 
0 
o 
0 
o 
1 


o 
1 
1 
0 
1 
0 
1 
1 
1 
1 


MINI 
o 
1 
o 
1 
o 
1 
o 
f 


DIVISOR 


f(CLKIN)/f(INTCLK) 


1 
2 
2 
4 
2 
4 
1 
2 


!: 
i, 


1 
l, 
! 


:: 
! 


! 
! 
I 
! 
_______ 
~H~__~ 
~H 
H 
SEPD 
: 
:- 
. 
~.----------------~. 
~.------ 


always 2 
i 
: 
internal --: 
0-- 


" 
, 
clock 
: 
i-------! 


cycles 


, 


INTCLK i 


!, 


SEPCLK J 


9239 
BLOCK DIAGRAM 


, 


,,,L 
I 


Precompensation 
The desired 
precompensation 
delay is determined 
by the 


state of the PO,P1 and P2 inputs of the FDC 92C39 as per fig. 
2. Logic 
levels 
present 
on these 
pins may be changed 


dynamically 
as long as the inputs are stable during the time 
the floppy disk controller is writing to the drive and the inputs 
meet the minimum setup time with respect to the write data 
from the floppy disk controller. 


Head Load Timer 
The head load time delay is either 40 ms or 80 ms, depend- 
ing on the state of MINI. (See fig. 3.) The purpose 
of this 
delay is to ensure that the head has enough time to engage 
properly. The head load timer is only used in the 179X mode; 
it is non-functional 
in the 765 or 7265 mode. 


The FDC 179X initiates the loading of the floppy disk drive 
head by setting HLD high. The controller then waits the pro- 
grammed 
amount of time until the HLT signal from the FDC 


92C39 goes high before starting a read or write operation. 


MINI 
P2 
P1 
PO 
PRECOMP 
VALUE 


0 
0 
0 
0 
o ns 
0 
0 
0 
1 
62.5 ns 
0 
0 
1 
0 
125 ns 
0 
0 
1 
1 
187.5 ns 
0 
1 
0 
0 
250 ns 
0 
1 
0 
1 
250 ns 
1 
0 
0 
0 
o ns 
1 
0 
0 
1 
125 ns 
1 
0 
1 
0 
250 ns 
1 
0 
1 
1 
375 ns 
1 
1 
0 
0 
500 ns 
1 
1 
0 
1 
500 ns 
1 
1 
1 
0 
625 ns 
1 
1 
1 
1 
625 ns 


NOTE: All values shown are obtained with a 16 MHz reference 


clock. Multiply pre-camp values by two for 8 MHz 
operation. 


FIG. 2 WRITE PRECOMPENSATION 
VALUE SELECTION 


INPUTS 
OUTPUTS 


FDCSEL 
DENS 
MINI 
CLKOUT 
HLT/CLK 
16 MHZ INPUT CLOCK 
8 MHZ INPUT CLOCK 
CONTROLLER 


0 
0 
0 
2MHz 
40 ms' 
8" Double Density 
5114"Double Density 
179X 


0 
0 
1 
1 MHz 
80 ms' 
5114"Double Density 
Not Permitted 
179X 
0 
1 
0 
2MHz 
40 ms' 
8" Single Density 
5114"Single Density 
179X 
0 
1 
1 
1 MHz 
80 ms' 
5%" Single Density 
Not Permitted 
179X 


0 
0 
500 KHz 
8MHz 
8" Single Density 
5114"Single Density 
765 (8272) 


0 
1 
250 KHz 
4MHz 
5114"Single Density 
Not Permitted 
765 (8272) 


1 
0 
1 MHz 
8MHz 
8" Double Density 
5114"Double Density 
765 (8272) 


1 
1 
500 KHz 
4MHz 
5%" Double Density 
Not Permitted 
765 (8272) 


NOTE: 3W' drive users should consult drive specifications 
to determine 
if drive data rate equals 5.25" or 8" standards. 


'NOTE: 
All values shown are obtained with a 16 MHz reference 
clock. Divide all frequencies 
and multiply all periods by 
two for 8 MHz operation. 


FIG. 3 CLOCK/HEAD 
LOAD TIME DELAY AND 
FLOPPY DISK DRIVE/CONTROLLER 
SELECTION 


Operating 
Temperature 
Range 
. 
Storage Temperature 
Range 
. 
Lead Temperature 
(soldering, 
10 sec.) 
. 
Positive Voltage on any I/O Pin, with respect to ground 
Negative Voltage on any I/O Pin, with respect to ground 
... 
Maximum 
Vcc 
.. 
. 
Power Dissipation 
.. 
. 


............................. 
.. 
O°C to + 70°C 
........................... 
.. 
--55°C to + 150°C 
.. 
+ 300°C 
......................................................................Vcc + 0.3V 
. 
-o.3V 
. 
+7V 
. 
0.25W 


'Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those 
indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system 
power supplies, 
it is important 
that the Absolute 
Maximum 
Ratings 
not 
be exceeded 
or device failure 
can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when the AC power 
is switched 
on and off. In addition, 
voltage 
transients 
on the AC power line may appear 
on the DC output. 
If this possibility 
exists, 
it is 
suggested 
that a clamp 
circuit be used. 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 


DC CHARACTERISTICS 
INPUT 
VOLTAGE 
Low Level VIL 
-0.3 
0.8 
V 
Except 
CLKIN 
Hi 
h Level V,H 
2.0 
(Vecl 
V 


XTAUCLKIN 
INPUT 
VOLTAGE 
Low (VIL) 
-0.3 
1.5 
V 
Hi 
h (V,H) 
3.2 
(Vecl 
V 


OUTPUT 
VOLTAGE 
Low Level VOL 
0.4 
V 


High Level VOH 
2.4 
V 


POWER 
SUPPLY 
CURRENT 
Ice 
20 
mA 


INPUT 
LEAKAGE 
CURRENT 
III 
10 


INPUT 
CAPACITANCE 


C'N 
I 


PARAMETER 
MIN 


AC ELECTRICAL 
CHARACTERISTICS 


CLKIN 
frequency 
3.95 
16 
16.2 
MHz 
FOC 92C39B 
3.95 
8 
8.1 
MHz 
FDC 92C39 
CLKIN 
DUTY CYCLE 
40 
60 
% 


tclkoh 
465 
500 
515 
ns 
FDCSEL 
= low; MINI = high 
215 
250 
265 
ns 
FDCSEL 
= low; MINI = low 
90 
125 
140 
ns 
FDCSEL 
= high 
twdo 
150 
312.5 
350 
ns 
Time 
Doubles 
with MINI-1 
t, 
50 
400 
ns 
tdNEC 
0 
400 
ns 
tWdE 
500 
562.5 
ns 
9 clock times 
:t 1 clock time 
twdN 
precomp 
value 
See fig. 2 
twdL 
2 x precomp 
value 
See fig. 2 
t, 
1.0 
j.Ls 


~::"===-4~MHZ---~'---- 


179X MODE 


CLKOUT 
~,~_/- 


.A' 
\~------ 
\~-~/ 


SET-UP 
TIME P0, P1 AND P2 TO WDIN 
" 


-_:~. 


WDOUT 
(LATE) 
J( 


7265 or 
765 (8272) 


WP/TS 


FLTITR0 


RWSEEK 


00- 
OB0- 
FR STP 
07 
OB7 


LCT orR 


INT 
US1 


CS 
US0 


RO 


WR 
HOL 


Af!J 
ROY 
ROY 


ORO 
lOX 
lOX 


OACK 
WE 
WE 


TC 
HO 
SIOESEL 


+5V 


RST 


WOA 


PSO 
PS1 


ROW 


ROD 


MFM 


WCK 


CLK 


2SIOEO 


WPRT 


TRK00 


FAULT 


FAULT 


RST 


STEP 
LOW CUR 


OIR 


0 
E 
ORSEL4 


C 
ORSEL3 
0 
0 
ORSEL2 


E 
ORSEL 1 
R 


HLO 


WOATA I 
* 
RAW 
READ 


FDCSEL 


WOOUT 
WOIN 


EARLY 
LATE 
SEPCLK 
OSKO 


SEPO 


16 MHz XTAL 
OR 
TTL 
INPUT 
(XTAL 
1 ONLY) 


ROY 


10Y 
WE 


SIOESEL 


"The FOC 92C39/B, as all other NMOS integrated circurts, presents a high 
impedance on all inputs. 
To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the ffoppy disk drive and the controller board, the 
use of a (non-invertingJ TIL schmidt-trigger input gate or bus transceiver is 
recommended at the OSKO input to the FOC 92C39/B. 


ROY 


lOX 
WE 


SIDE 


TR00 
TRKOO 


WPRT 
WPRT 


I.P 
INDEX 


READY 
READY 


DIR 
DIR 


STEP 
STEP 


WG 
WRITE 
GATE 


HLD 
HLD 


00-07 
FOC 92C39 


HLD 


RAWRD 
SEPD 


HLT 
HLT CLK 
DSKD 
RAW 
READ 


RCLK 
SEPCLK 
FDCSEL 


DDEN 
- 
DENS 
WDATA 


MINI 
WDOUT 


WD 
WDIN 


EARLY 
EARLY 


LATE 
LATE 


TG43 


CLK 


':' 


MOTOR 
ON 


SIDE 


SEL3 


SEL2 


SEL1 


'The 
FDC 92C39/B, 
as all other 
CMOS 
integrated 
circuits, 
presents 
a high 


impedance 
on all inputs. 


To avoid 
soft errors 
caused 
by transmission 
line effects 
and noise 
where 


there 
is long cabling 
between 
the floppy 
disk drive 
and the controller 
board, 
the 


use of a (non-inverting) 
TIL 
schmidt-trigger 
input gate or bus transceiver 
is 
recommended 
at the DSKD 
input to the FDC 92C39/B. 


STAN~RD MICROSYSTEMS 
CORPORATION 


Circuit diagrams 
utilizing 
SMC products are included as a means of Illustrating typical semiconductor 
applica- 


tions; consequently 
complete 
information 
sufficient 
for construction 
purposes IS not necessarily given. The 
information 
has been carefully checked 
and 
IS believed to be entirely 
reliable 
However, 
no responsibility 
is 


assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the fight 
to make changes 


at any time in order to Improve design and supply the best product possIble 


STANDARD MICROSVSTEMS 
CORPORATION,. 
FDC9266 


Single/Double 
Density Enhanced Floppy Disk 
Controller 


FEATURES 
o Combination 
Floppy Disk Con- 


troller and Floppy Disk Interface 
o Software 
compatible 
with indus- 
try standard 
FDC 765A 
o On chip digital data separator 


eliminates 
critical analog 


adjustments 
o On-chip drive control logic 


reduces component 
count. 
o IBM compatible 
in both single 


and double density recording 
formats 
o Programmable 
data record 


lengths: 
128, 256, 512, or 1024 


bytes/sector 
o Multi-sector 
and multi-track 


transfer capability 
o Controls 
up to 4 floppy disk drives 
o Data Scan Capability-will 
scan a 


single sector or entire track's 
worth of data fields, comparing 
on a byte by byte basis, data in 
the processor's 
memory with the 


data read from the diskette 
o Data transfers 
in DMA or non- 


DMAmode 
o Single 8 MHz TTL clock input 
o Single + 5 Volt power supply 


HDl 
FRISTP 


lCT/DIR 
RW/SEEK 
vcc 
NC 
RST 
RD 


WRcs 
Ao 


3938373635343332313029 
40 
28 
41 
27 
42 
26 


43 
25 
44 
24 


1 
23 


2 
D 


3 
~ 
4 
20 
5 
19 
6 
18 
7 8 9 1011 1213 14 151617 


rE as rEi rE rD U cD rE rii a I'" 
OOOClClZClOO~.~ 


o Parallel Seek operations 
on up to 
four drives 
o Compatible 
with most 
microprocessors 


The FDC 9266 is a monolithic 
combination 
of the industry 


standard 
FDC 765A Floppy Disk Controller 
and the FDC 


9229 Floppy Disk Interface 
Circuit. 
It preserves 
all of the 


processor 
hardware 
and software 
interfaces 
to the FDC 


765A, 
and contains 
on-chip 
circuitry 
to simplify 
drive 


interfacing. 


WE 
P0 


DSKD 
ClK 


MINI 
NC 
GND 


TEST 
INT 


IDX 


TC 


RESET 
1 


RC5 2 
WI1 3 
Vl 
4 


Ao 
5 


D8, 
6 


D8, 7 
D8, 8 
DB, 9 


DB. 
10 


DB,11 
DB,12 
DB, 
13 


DRO 
14 


i5ACK 15 


TC 
16 
IDX 17 
INT 18 
TEST 
19 
GND 
20 


40 Vcc 
39 
RW/SEEK 
38 
lCT 
DIR 


37 
FRISTP 


36 
HDl 
35 
RDY 


34 WP/TS 
33 
FlT/TR, 


32 P2 
31 P1 


30 
WDOUT 


29 US, 
28 us, 
27 HD 
26 
MFM 


25 
WE 


24 
P0 
23 DSKri 
22 
ClK 
21 
MINI I 


D 


o COPLAMOS"'n-channel 
silicon 


gate technology 
o Available 
in 40-pin Dual-in-Line 


package 
and 44-pin PLCC 


bytes to fully specify 
the operation 
which 
the processor 


wishes the FDC to perform. 
The following 
commands 
are 


available: 


These 
on-chip 
enhancements 
include 
a 
digital 
data 


separator, 
compatible 
with 5.25" and 8" drives. The data 


separator 
separates 
both FM (Single 
Density) 
and MFM 


(Double 
Density) 
encoded 
data, and requires 
no external 


adjustments. 


The FDC 9266 also allows variable write precompensation, 
which is track selectable. 


Read Data 
ReadlD 
Read Deleted Data 
Read a Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Specify 


Write Data 
Format a Track 
Write Deleted Data 
Seek 
Recalibrate 
(Restore to Track 0) 


Sense Interrupt Status 
Sense Drive Status 


Address 
mark detection 
circuitry 
is internal 
to the FDC 


These enhancements 
greatly 
reduce the number of com- 
which 
simplifies 
the read electronics. 
The track stepping 
ponents required to interface floppy disks to a microproces- 
rate, head load time, and head unload time may be pro- 


sor system. 
grammed 
by the user. The FDC 9266 offers 
many addi- 


tional features such as multiple sector transfers in both read 
There are 15 separate commands 
which the FDC 9266 will 
and write with a single command, 
and full IBM compatibility 


execute. 
Each of these commands 
requires 
multiple 8-bit 
in both single and double density modes. 


525 


INT 
CS 
AD 


WR 


AD 
oRa 


DACK 


TC 


RESET 


FOC 9266 


RWISEEK 


WP/TS 
FLT/TR0 
FR/STEP 
LCTIDIR 


ROY 
lOX 


WE 
SIDE SEl 


DATA 
SEPARATOR 
AND 


PRECOMP 


LOGIC 


DRIVE 


2 SIDED 
WPRT 
TRK 00 
FAULT 


FLT RST 
STEP 
olR 
LOW CUR 


HLo 


DASEL4 
ORSEL3 
DRSEl2 
DRSEL1 


INT 
cs 
AD 
WR 


AD 


ORO 


DACK 
WDQUT 


Te 
MINI 


RST 
MFM 


READY 


WAITE 
PROTECT/TWO 
SIDE 


INDEX 


FAULT/TRACK 
0 


MINI 


UNIT 
SELECT 
0 


UNIT 
SELECT 
1 


MFM 
MODE 


R'WISEEK 


HEAD 
LOAD 


HEAD 
SELECT 


LOW 
CURRENT/DIRECTION 


FAULT 
AESET/STEP 


ROY 
lOX 
WE 
SIDE SEL 


PIN 
INPUTI 
CONNECTION 
NO.G) 
SYMBOL 
NAME 
OUTPUT 
TO 
FUNCTION 


1 
RST 
Reset 
Input 
Processor 
Places 
FDC in idle state. 
Resets 


output 
lines to FDD to "0" (low). 


Does not effect 
SRT, HUT or HlT 
in Specify 
command. 
If RDY pin is 


held high during 
Reset, 
FDC will 


generate 
interrupt 
1.024 ms later. 
To clear this interrupt 
use Sense 


Interrupt 
Status 
command. 


2 
RD 
Read 
InputlZ) 
Processor 
Control 
signal for transfer 
of data 


from FDC to Data Bus, when 
"O"(low). 


3 
WR 
Write 
Input® 
Processor 
Control 
signal for transfer 
of data to 


FDC via Data Bus, when 
"0" (low). 


4 
CS 
Chip Select 
Input 
Processor 
IC selected 
when~' 
(low), 


allowing 
RD and WR to be 
enabled. 


5 
Ar, 
Data/Status 
Reg 
InputlZ) 
Processor 
Selects 
Data Reg (Ar, = 1) or 
Select 
Status 
Reg (Ar, = 0) contents 
of 


the FDC to be sent to Data Bus. 


6-13 
DBo-DB, 
Data Bus 
Input® 
Processor 
Bi-DirectionaI8-Bit 
Data Bus. 
Output 


14 
DRQ 
DataDMA 
Output 
DMA 
DMA Request 
is being made by 


Request 
FDC when 
DRW 
= "1'. 


15 
DACK 
DMA 
Input 
DMA 
DMA cycle is active when 
"0" (low) 


Acknowledge 
and Controller 
is performing 
DMA 


transfer. 


16 
TC 
Terminal 
Count 
Input 
DMA 
Indicates 
the termination 
of a DMA 


transfer 
when 
"1" (high). 
It 
terminates 
data transfer 
during 
ReadlWrite/Scan 
command 
in 


DMA or interrupt 
mode. 


17 
IDX 
Index 
Input 
FDD 
Indicates 
the beginning 
of a disk 


track. 


18 
INT 
Interrupt 
Output 
Processor 
Interrupt 
Request 
Generated 
by 


FDC. 


19 
TEST 
Test 
Input 
This pin is for test purposes 
only. 


Should 
be left tied high in normal 


operation. 


20 
GND 
Ground 
D.C. Power Return. 


21 
MINI 
Mini 
Input 
Processor 
This input, when set to "1" (high), 
configures 
the FDC for operation 


with 5.25" floppies. 
If reset to "0" 


(low), then the FDC is configured 
for 8" drive operation. 


22 
ClK 
8MHz 
Input 
Device clock. 


TTLClock 


23 
DSKD 
Raw Data 
Input 
FDD 
Raw data from drive. 


24,31,32 
PO,P1,P2 
Precompensation 
Input 
Processor 
These 
pins select the amount 
of 


Select 
precompensation 
applied 
to the 


write data. 


25 
WE 
Write Enable 
Output 
FDD 
Enables 
write data into FDD. 


26 
MFM 
MFMMode 
Output 
MFM mode when 
"1," FM mode 


when "0." 


27 
HD 
Head Select 
Output 
FDD 
Head 
1 selected 
when 
"1" (high). 


Head 2 selected 
when 
"0" (low). 


28,29 
US" 
USo 
Unit Select 
Output 
FDD 
FDD Unit Selected. 


30 
WDOUT 
Write Data Out 
Output 
FDD 
Serial clock and data bits to FDD. 


33 
FlTITRo 
FaultlTrack 
0 
Input 
FDD 
Senses 
FDD fault condition, 
in 
ReadlWrite 
mode; 
and Track 0 


condition 
in Seek mode. 


34 
WPITS 
Write Protect/ 
Input 
FDD 
Senses 
Write Protect 
status 
in 
Two-Side 
ReadlWrite 
mode; 
and Two Side 


Media 
in Seek mode. 


NOTES: 
G) 
For DIP package. 


® 
Disabled 
when 
CS=1. 


I 


35 
RDY 
Ready 
Input 
FDD 
Indicates FDD ISready to send or 
receive data. 
36 
HDL 
Head Load 
Output 
FDD 
Command which causes read/ 
write head in FDD to contact 
diskette. 
37 
FR/STP 
Fit Reset/Stop 
Output 
FDD 
Resets fault F.F.in FDD in Read/ 
Write mode, contains stop pulses 
to move head to another cylinder in 
Seek mode. 
38 
LCT/DIR 
Low Current/ 
Output 
FDD 
Lowers Write current on tracksL42 


Direction 
in Read/Write mode, determines 
direction head will stop in Seek 
mode. A fault reset pulse is 
issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 
siqnal. 


39 
RW/SEEK 
Read Write/SEEK 
Output 
FDD 
When "1" (high) Seek mode 
selected and when "0" (low) Read/ 
Write mode selected. 
40 
Vcc 
+5V 
DC Power. 


The FOG 9266 contains 
two registers 
which 
may be ac- 
cessed 
by the main system 
processor; 
a Status 
Register 
and a Data Register. The 8-bit Main Status 
Register 
con- 
tains 
the 
status 
information 
of the 
FOG, and 
may 
be 
accessed 
at any time. 
The 8-bit 
Data Register 
(actually 


consists of several registers in a stack with only one register 
presented 
to the data bus at a time), 
which 
stores data, 


commands, 
parameters, 
and FDD status information. 
Data 
bytes are read out of, or written 
into, the Data Register 
in 
order to program or obtain the results after a particular com- 
mand. The Status Register 
may only be read and used to 


The bits in the Main Status Register are defined as follows: 


facilitate 
the transfer 
of data between 
the processor 
and 
FDG9266 


The relation~ 
between the StatuslData 
registers and the 
signals RD, WR, and Ao is shown below. 


A, 
RD 
WR 
FUNCTION 
a 
a 
1 
Read Main Status Reqister 
a 
1 
a 
IlIeqal 
a 
a 
a 
IlIeqal 
1 
a 
a 
IlIeqal 
1 
a 
1 
Read from Data Reqister 
1 
1 
a 
Write into Data Register 


BIT NUMBER 
NAME 
SYMBOL 
DESCRIPTION 
DB, 
FDDO Busy 
D,B 
FDD number a is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DB, 
FDD 1 Busy 
D,B 
FDD number 1 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
DB, 
FOD 2 Busy 
D,B 
FDD number 2 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
DB, 
FDD3 Busy 
D,B 
FDD number 3 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 
DB, 
FOC Busy 
CB 
A read or write command is in process. FDC will not accept 
any other command. 
DB, 
Execution Mode 
EXM 
This bit is set only during execution phase in non-DMA mode. 
When DB, goes low,execution phase has ended, and result 
phase was started. It operates only during NON-DMA mode 
of operation. 
DB, 
Data Input/Output 
DIO 
Indicates direction of data transfer between FDC and Data 
Register. If DIO = "1" then transfer is from Data Register to 
the Processor. If DIO = "0", then transfer is from the 
Processor to Data Reqister. 
DB, 
Request for Master 
ROM 
Indicates Data Register is ready to send or receive data to or 
from the Processor. Both bits DIO and ROM should be used 
to perform the hand-shaking functions of "ready" and 
"direction" to the processor. 


The DIO and ROM bits in the Status .6§gister indicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and DIO and ROM getting set or reset is 12 fLuor 
this reason every time Main Status Register is read the CPU should wait 12 fLS.The max time from the trailing edge of the last RD in 
the result phase to when DB, (FDC Busy) goes low is 12 fLS. 


Out Processor 
and Inlo FOe 
I 
L 


I 
' 
I 
Ready 
I 
1 
I 


Request lor Master 
:1 
11 1jI 
II 
i II 


(ROM) 
l~ 
H:H~l 


I 
I 
I 
I I 
I 
I 
I 
I 
WR-+'H-,~I 
- 
i 
l...l 
i 
L...iIii 
i 
I 
II 
t 
AD~: 


I A I e I 
A 
lal 
A I c I Die 
IDial 
A I 


Notes: 0-Data 
register ready 10 be written into by processor 


{]] 
-Data 
register nol ready to be wntten into by processor 


[£I-Data 
registerready lor nexl dala byte to be read by the processor 


[Q] -Data 
register not ready lor next data byte to be read by processor 


COMMAND 
SEQUENCE 
The FOC 9266 is capable 
of performing 
15 different 
com- 
mands. Each command 
is initiated by a multi-byte 
transfer 


from the processor, 
and the result after execution 
of the 


command 
may also be a multi-byte transfer back to the pro- 


cessor. Because 
of this multi-byte 
interchange 
of informa- 


tion 
between 
the 
FOC 
9266 
and 
the 
processor, 
it is 


convenient to consider each command as consisting of three 
phases: 


Command 
Phase: 
The FOC receiv0s 
all information 


required 
to perform 
a particular 


operation 
from the processor. 


The FOC performs 
the operation 


it was instructed 
to do. 


After completion 
of the operation, 


status 
and other 
housekeeping 


information 
are made available to 


the processor. 


SYMBOL 
NAME 
DESCRIPTION 


Ao 
Address Line 0 
Aocontrols selection of Main Status Re9ister (Ao = 0) or Data Register 
(Ao = 1). 
C 
Cylinder Number 
C stands for the current/selected Cylinder (track) number 0 through 76 of 
the medium. 


D 
Data 
D stands for the data pattern which is going to be written into a Sector. 
D,-Do 
Data Bus 
8-bit Data Bus, where D, stands for a most significant bit, and Dostands for a 
least siqnificant bit. 


DTL 
Data Length 
When N is defined as 00, DTL stands for the data length which users are 
going to read out or write into the Sector. 


EOT 
End of Track 
EOT stands for the final Sector number on a Cylinder. During Read or Write 
operation FDC will stop date transfer after a sector # equal to EOT. 


GPL 
Gap Length 
GPL stands for the length of Gap 3. During ReadlWrite commands this value 
determines the number of bytes that VCOs will stay low after two CRC bytes. 
Durinq Format command it determines the size of Gap 3. 


H 
Head Address 
H stands for head number 0 or 1, as specified in ID field. 
HD 
Head 
HD stands for a selected head number 0 or 1 and controls the polarity of pin 
27. (H = HD in all command words.) 


HLT 
Head Load Time 
HLTstands for the head load time in the FDD (2 to 254 ms in 2 ms 
increments). 
HUT 
Head Unload Time 
HUT stands for the head unload time after a read or write operation has 
occurred (16 to 240 ms in 16 ms increments). 
MF 
FM or MFM Mode 
If MF is low, FM mode is selected, and if it is high, MFM mode is selected. 


MT 
Multi-Track 
If MT is h~h, a multi-track operation is to be8erformed. If MT = 1 after 
finishing 
eadlWrite operation on side 0 FD 
will automatically start 


searching for sector 1on side 1. 
N 
Number 
N stands for the number of data bytes written in a Sector. 


NCN 
New Cylinder Number 
NCN stands for a new Cylinder number, which is~oing to be reached as a 
result of the Seek operation. Desired position of 
ead. 


ND 
Non-DMA Mode 
ND stands for operation in the Non-DMA Mode. 
PCN 
Present Cylinder 
PCN stands for the C~linder number at the completion of SENSE 
Number 
INTERRUPT STATU 
Command. Position of Head at present time. 


R 
Record 
R stands for the Sector number, which will be read or written. 
R/W 
Read/Write 
R/W stands for either Read (R) or Write (W) siQnal. 


SC 
Sector 
SC indicates the number of Sectors per Cvlinder. 


SK 
Skip 
SK stands for Skip Deleted Data Address Mark. 
SRT 
Step Rate Time 
SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms 
increments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.). 


STO 
Status 0 
ST 0-3 stand for one of four registers which store the status information after 
ST1 
Status 1 
a command has been executed. This information is available during the 
ST2 
Status 2 
result phase after command execution. These registers should not be 


ST3 
Status 3 
confused with the main status register (selected by Ao = 0). ST 0-3 may be 
read only after a command has been executed and contain information 
relevant to that particular command. 
STP 
During a Scan operation, if STP = 1,the data in continguous sectors is 
compared byte by byte with data sent from the processor (or DMA) ; and if 
STP = 2, then alternate sectors are read and compared. 


USO,US1 
Unit Select 
US stands for a selected drive number 0 or 1. 


I 


DATA BUS 
I 
DATA BUS 
I 


PHASE 
RIW I 07 
06 
Os 
D. 
03 
02 
0, 
DO I 
REMARKS 
PHASE 
RIW I 
07 
DO 
Os 
D. 
03 
0, 
0 
On 
REMARKS 


READ DATA 
READ A TRACK 


Command 
W 
MT 
M' 
SK 
0 
0 , 
, 
0 
Command 
Codes 
Command 
W 
0 
M' 
SK 
0 
0 
0 
, 
0 
Command 
Codes 


W 
X 
X 
X 
X 
X 
Ho 
US, 
usa 
W 
X 
X 
X 
X 
X 
Ho 
US, 
uso 


w 
C 
Sector 10 information 
prior 
W 
C 
Sector 
10 information 
prior 
W 
H 
to Command ellecution. 
The 
W 
H 
to Command 
ellecution 
W 
R 
4 bytes are commanded 
against 
W 
R 


W 
N 
header on Floppy 
Disk. 
W 
N 


W 
EDT 
W 
EDT 


W 
GPL 
W 
GPL 


W 
oTL 
W 
oTL 


Ellecution 
Data-transfer 
between 
the 
Ellecution 
Data-transfer 
betweenthe 


FOO and main·system 
FOO and main-system. 
FOC 


reads all data fields 


Result 
R 
ST 0 
Status 
information 
after 
from indelll hole to Ear. 
R 
ST' 
Command 
ellecution 
R 
ST 2 
Result 
R 
ST 0 
Status 
information 
after 
R 
C 
Sector 
10 information 
after 
R 
ST' 
Command 
eucution 


R 
H 
Command 
ell!Cution 
R 
S~ 2 


R 
R 
R 
C 
Sector 
10 information 
after 
R 
N 
R 
H 
Command 
eucution 


READ DELETED 
DATA 
R 
R 


R 
N 
Command 
W 
MT 
M' 
SK 
0 
, , 
0 
0 
Command 
Codes 


READ 10 
W 
X 
X 
X 
X 
X 
Ho 
US, 
uso 


W 
Command 
W 
0 
M' 
0 
0 
, 
0 
, 
0 
Commands 
C 
Sector 
10 information 
prior 


W 
X 
X 
X 
X 
X 
Ho 
US, 
uso 
W 
H 
to Command 
ellecution. 
The 


W 
R 
4 bytes are commanded 
against 
Ellecution 
The first correct 
10 information 
W 
N 
header on Floppy Disk. 
on the Cylinder 
is stored 
in 
W 
EDT 
Data Register 
W 
GPL 


W 
oTL 
Result 
R 
ST 0 
Status 
information 
after 


Eucution 
Data-transfer 
between 
the 
R 
ST' 
Command 
ellecution 


R 
ST 2 
FOO and main-system 
R 
C 
Sector 
10 information 
read 


Routt 
R 
STO 
Status 
information 
after 
R 
H 
during 
Ellecution 
Phase from 


R 
ST' 
Command 
ellecution 
R 
R 
Floppy 
Disk 


R 
ST 2 
R 
N 


R 
C 
Sector 
10 information 
after 
FORMAT 
A TRACK 


R 
H 
Command 
ellecution 
Command 
W 
0 
M' 
0 
0 
, , 
0 
, 
Command 
Codes 
R 
R 


W 
X 
X 
X 
X 
X 
Ho 
US, 
usa 
R 
N 


WRITE DATA 
W 
N 
Bytes/Sector 
W 
SC 
Sectors/Track 
Command 
W 
MT 
M' 
0 
0 
0 
, 
0 
, 
Command 
Codes 
W 
GPL 
Gap 3 
W 
X 
X 
X 
X 
X 
Ho 
US, 
usa 
W 
0 
Filler Byte 


W 
C 
Sector 10 information 
prior 
Ell!Cution 
FOC formats 
an entire 
track 
W 
H 


W 
R 
to Command ellecution. 
The 


Result 
R 
STO 
Status 
information 
after 
4 bytes are commanded 
against 
W 
N 
header on Floppy Disk. 
R 
ST' 
Command 
ellecution 
W 
EDT 
R 
ST 2 
W 
GPL 
R 
C 
In this case, the to information 


W 
oTL 
R 
H 
has no meaning 


Execution 
Date'transfer 
between 
the 
R 
R 


main-system 
and FDD 
R 
N 


SCAN EaUAL 
Relult 
R 
ST 0 
Status 
information 
after 
Command 
W 
MT 
M' 
SK , 
0 
0 
0 
, 
Command 
Codes 
R 
ST 1 
Command 
ellecution 
W 
X 
X 
X 
X 
X 
Ho 
US, 
uso 
R 
ST 2 


R 
C 
Sector 
10 information 
after 
W 
C 
Sector 
ID information 
prior 
R 
H 
Command 
ellecution 
W 
H 
to Command 
ellecution 
R 
R 
W 
R 


R 
N 
W 
N 


WRITE DELETED 
DATA 
W 
EDT 
W 
GPL 


Command 
W 
MT 
M' 
0 
0 
, 
0 
0 
, 
Command 
Codes 
W 
STP 


W 
X 
X 
X 
X 
X 
Ho 
US, 
usa 


w 
C 


Execution 
Oata-compared 
bet",,"n 
the 


Sector 10 information 
prior 
F;:)O and mein-svstem 
W 
II 
to Command 
ellecution. 
The 


W 
R 
4 bytes are commanded 
against 
Result 
R 
ST 0 
Status 
information 
after 


W 
N 
header on Floppy 
Disk. 
R 
ST' 
Commend 
execution 
W 
EDT 
R 
ST 2 
W 
GPL 
R 
C 
Sector 
10 information 
after 
W 
oTL 
R 
H 
Command 
execution 


Data-transfer 
between 
the 
R 
R 
Execution 
R 
N 
FDO and main-system 


Result 
R 
ST 0 
Status 
information 
after 
R 
ST' 
Command 
execution 


R 
ST 2 


R 
C 
Sector 
10 information 
after 
R 
H----- 
Commend 
ellecution 


R 
R 


R 
N 


Note: <D Symbols 
used in this table are described 
at the end of this MCtion. 


® AO should 
equal binary 
1 for all operationl. 


® X • Don't 
C8re, ulually 
made to equal binary O. 


I 
DATA 
BUS 
I 
I 
DATA 
BUS 
1 


PHAse 
RfWlo..,o 
Dt:;. D.. 
D~ 
0, 
0, 
001 
AEMARKS 
PHAse 
RN'I I 07 
O. 
05 
O. 
03 
0, 
0, 
00 
I 
REMARKS 


SCAN LOW OR eQUAL 
RECALIBRATE 


Command 
W 
MT 
MF 
5K 
I 
, 
0 
0 
I 
Command 
Cod" 
·Command 
W 
0 
0 
0 
0 
0 
I 
, 
I 
Command 
Codes 


W 
X 
X 
X 
X 
X 
HO 
US, 
uso 
w 
X 
X 
X 
X 
X 
C 
U51 
use 


w 
C 
Sector 10 information prior 
Execution 
Head ratracted to Track 0 


W 
H 
Command execution 
SENSE INTERRUPT 
STATUS 


W 
R 


W 
N 
Command 
W 
0 
0 
0 
0 
I 
0 
0 
0 
Commend 
Codes 


W 
EDT 


W 
GPL 
Rnuh 
R 
STO 
Status 
information 
It 
tnl 
end 


W 
STP 
R 
PCN 
of 
seek·operation 
about 
the 
FOe 


Execution 
Data-compared 
between 
tne 
SPECIFY 


FOD 
and 
main·SYlltm 
Comnland 
W 
0 
0 
0 
0 
0 
0 
, 
, 
Command 
Codes 


Result 
R 
STO---- 
Slatu1 
information 
after 


W 
SRT 
.. • 
HUT 


R 
ST 1 
Command 
eltecution 
W 
HLT 
.. 
NO 


R 
ST' 
SENSE DRIVE 
STATUS 


R 
C 
Sector 
ID 
information 
after 
Command 
W 
0 
0 
0 
0 
0 , 
0 
0 
Commend 
Codes 
R 
H 
Command 
ell.ecution 
HO 
U51 
USO 
R 
R 
W 
X 
X 
X 
X 
X 


R 
N 
Result 
R 
ST 3 
StatuI 
information 
aboot 
FDD 
SCAN HIGH OR eaUAL 
SeE!:' 


Command 
W 
MT 
MF 
SK , 
I 
I 
0 
1 
Command 
Codes 


Command 
W 
0 
0 
0 
0 
1 
1 
1 
1 
Command 
Codes 
W 
X 
X 
·X 
X 
X 
HD 
U51 
USO 
W 
X 
X 
X 
X 
X 
HD 
U51 
uso 


W 
C 
SectOr 
ID 
information 
prior 


W 
NCN----- 


W 
H 
Command 
execution 


W 
R 
Execution 
Head 
is positioned 
over 


W 
N 
proper 
Cylinder 
on 


W 
EDT 
Diskette 


W 
GPL 


W 
STP 


INVALID 


Execution 
oata-eompared 
between 
the 
Command 
W 
___ 
Invalid 
Codes 
____ 
Invalid 
Command 
Codes 


Foo 
and 
main-system 
INoOp 
- 
FoC 
goes 
into 


Rewlt 
R 
ST 0 
Status 
information 
after 
Standby 
State) 


R 
ST 1 
Command 
execution 
Re5ult 
R 
ST 0 
ST 0·80 


R 
5T 2 
(16) 
R 
C 
Sector 
10 information 
after 


R 
H 
Command 
execution 


R 
R 


R 
N 


FUNCTIONAL 
DESCRIPTION 
OF COMMANDS 


Read Data 
A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been 
issued 
the FDC loads the head 
(if it is in the 


unloaded 
state), 
waits the specified 
head settling 
time 


(defined 
in the Specify 
Command), 
and begins reading ID 


Address Marks and ID fields. When the current sector num- 
ber ("R") stored in the ID Register (IDR) compares 
with the 


sector number 
read off the diskette, 
then the FDC outputs 


data (from the data field) byte-to-byte 
to the main system 


via the data bus. 


After completion 
of the read operation 
from the current sec- 


tor, the Sector Number is incre'mented 
by one, and the data 


from the next sector is read and output on the data bus. This 
continuous 
read function 
is called 
a "Multi-Sector 
Read 


Operation." 
The Read Data Command 
may be terminated 


by the receipt 
of a Terminal 
Count 
signal. 
TC should 
be 


issued at the same time that the DACK for the last byte of 
data is sent. Upon receipt of this signal, the FDC stops out- 
putting data to the processor, 
but will continue 
to read data 


from the current 
sector, check 
CRC (Cyclic 
Redundancy 


Count) 
bytes, and then at the end of the sector terminate 


the Read Data Command. 


The amount 
of data which 
can be handled 
with a single 


command 
to the FDC depends 
upon MT (multi-track), 
MF 
(MFM/FM), 
and N (Number of Bytes/Sector). 
Table 1 below 


shows the Transfer Capacity. 


I 


Multi-Track 
MFM/FM 
Bytes/Sector 
Maximum 
Transfer 
Capacity 
Final Sector 
MT 
MF 
N 
(Bytes/Sector) 
(Number 
of 
Read 
Sectors) 
from 
Diskette 


0 
0 
00 
(128) (26) = 
3,328 
26 at SideO 


0 
1 
01 
(256) (26) = 
6,656 
or 26 at Side 1 


1 
0 
00 
(128)(52) 
= 
6,656 
26 at Side 1 
1 
1 
01 
(256) (52) = 13,312 


0 
0 
01 
(256) (15) = 
3,840 
15 at Side 0 


0 
1 
02 
(512) (15) = 
7,680 
or 15 at Side 1 


1 
0 
01 
(256) (30) = 
7,680 
15 at Side 1 
1 
1 
02 
(512) (30) = 15,360 


0 
0 
02 
(512) (8) 
= 
4,096 
8 at Side 0 


0 
1 
03 
(1024) 
(8) 
= 
8,192 
or 8 at Side 1 


1 
0 
02 
(512)(16) 
= 
8,192 
8atSide 
1 
1 
1 
03 
(1024) 
(16) = 16,384 
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Note, this function 
pertains to only one cylinder 
(the same 
track) on each side of the diskette. 


When 
N = 0, the DTL defines 
the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
data length in a Sector, the data beyond DTL in the Sector, 
is not ~ent to the Data Bus. The FDC reads (internally) 
the 


complete 
Sector performing 
the CRC check, and depend- 
ing upon the manner 
of command 
termination, 
may per- 


form a Multi-Sector 
Read Operation. 
When N is non-zero, 
then 
DTL 
has 
no meaning 
and 
should 
be set to FF 
Hexidecimal. 


At the completion 
of the Read Data command, 
the head is 
not unloaded 
until after Head Unload Time Interval (speci- 


fied in the Specify Command) 
has elapsed. 
If the processor 
issues another command 
before the head unloads then the 
head settling 
time 
may be saved 
between 
subsequent 


reads. This time out is particularly 
valuable when a diskette 
is copied from one drive to another. 


If the FDC detects the Index Hole twice without finding the 
right sector, (indicated 
in "R"), 
then the FDC sets the NO 


(No Data) flag in Status Register 
1 to a 1 (high), and termi- 
nates the Read Data Command. 
(Status Register 0 also has 


bits 7 and 6 set to 0 and 1 respectively.) 


After reading the 10 and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected 
(incorrect 


CRC in 10 field), the FDC sets the DE (Data Error) flag in 
Status Register 
1 to a 1 (high), and if a CRC error occurs in 


the Data Field the FDC also sets the DO (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. 
(Status Register 0 also has bits 


7 and 6 set to 0 and 1 respectively.) 
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Read Data Command, 
after reading all the data in the Sec- 


tor. If SK = 1, the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1. 


During disk data transfers 
between 
the FDC and the pro- 


cessor, via the data bus, the FDC must be serviced 
by the 


processor 
every 27 j.ls in the FM Mode, and every 13 j.ls in 


the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status 
Register 
1 to a 1 (high), and terminates 
the Read 


Data Command. 
If the processor 
terminates 
a read (or write) operation 
in the 


FDC, 
then 
the 
10 Information 
in the 
Result 
Phase 
is 


dependent 
upon the state of the MT bit and EOT byte. Table 


2 shows the value for C, H, R, and N, when the processor 
terminates 
the Command. 


Final Sector 
10 Information 
at Result 


Transferred to 
Phase 
MT 
HO 
Processor 
C 
H 
R 
N 


0 
Less than EaT 
NC 
NC 
R + 1 
NC 


0 
Equal to EaT 
C+1 
NC 
R = 01 
NC 


0 
1 
Less than EaT 
NC 
NC 
R + 1 
NC 


1 
Equal to EaT 
C+1 
NC 
R = 01 
NC 


0 
Less than EaT 
NC 
NC 
R + 1 
NC 


0 
Equal to EaT 
NC 
LSB 
R = 01 
NC 


0 
1 
Less than EaT 
NC 
NC 
R + 1 
NC 


1 
Equal to EaT 
C + 1 
LSB 
R = 01 
NC 


Notes: 1. NC (No Change): The same value as the one at the 


beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of 


H is complemented. 


Write Data 
A set of nine (g) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command 
has been 


issued the FDC loads the head (if it is in the unloaded state), 
waits 
the specified 
Head 
Settling 
Time 
(defined 
in the 


Specify Command), 
and begins reading 10 Fields. When all 


four bytes loaded during the command 
(C, H, R, N) match 


the four bytes of the 10 field from the diskette, the FDC takes 
data from the processor 
byte-by-byte 
via the data bus, and 


outputs 
it to the FDD. 


After writing data into the current sector, the Sector Number 
stored in "R" is incremented 
by one, and the next data field 


is written 
into. The FDC continues 
this "Multi-Sector 
Write 


Operation" 
until the issuance 
of a Terminal Count signal. If 


a Terminal Count signal is sent to the FDC it continues 
writ- 


ing into the current sector to complete 
the data field. If the 


Terminal Count signal is received while a data field is being 
written then the remainder 
of the data field is filled with 00 


(zeros). 
The FDC reads the 10 field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRG) 
in one of the 10 Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. 
(Status Register 0 also has bits 7 and 6 set to 0 


and 1 respectively.) 
The Write Command 
operates 
in much the same manner 


as the Read Command. 
The following 
items are the same, 
and one should refer to the Read Data Command for details: 


• Transfer Capacity 
• EN (End of Cylinder) 
Flag 


• NO (No Data) Flag 
• Head Unload Time Interval 
• 10 Information 
when the processor 
terminates 
command 


(see Table 2) 
• Definition 
of DTL when N = 0 and when N i- 0 
In the Write Data mode, data transfers 
between the proces- 


sor and FDC, via the Data Bus, must occur every 27 j.ls in 
the FM mode, and every 13 j.ls inthe MFM mode. If the time 
interval between 
data transfers 
is longer than this then the 


FDC sets the OR (Over Run) flag in Status Register 
1 to a 


1 (high), and terminates 
the Write Data Command. 
(Status 


Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 


Write Deleted 
Data 
This command 
is the same as the Write Data Command 


except a Deleted Data Address Mark is written at the begin- 
ning of the Data Field instead of the normal Data Address 
Mark. 


Read Deleted 
Data 
This command 
is the same as the Read Data Command 


except that when the FDC detects a Data Address 
Mark at 


the beginning 
of a Data Field and SK = 0 (low), it will read 


all the data in the sector and set the CM flag in Status Reg- 
ister 2 to a 1 (high), and then terminate 
the command. 
If SK 
= 1, then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 


Read A Track 
This command 
is similar to READ DATA Command 
except 


that this is a continuous 
READ operation 
where the entire 


Format 
Sector Size 
N 
SC 
GPLCD GPL@@ 


8" Standard 
Floppy 


128 bytes/sector 
00 
1A 
07 
1B 
256 
01 
OF 
OE 
2A 
512 
02 
08 
1B 
3A 
FM Mode 
1024 
03 
04 
47 
8A 
2048 
04 
02 
C8 
FF 
4096 
05 
01 
C8 
FF 


256 
01 
1A 
OE 
36 
512 
02 
OF 
1B 
54 


MFM 
1024 
03 
08 
35 
74 
Mode@) 
2048 
04 
04 
99 
FF 


4096 
05 
02 
C8 
FF 
8192 
06 
01 
C8 
FF 


5'/4' Minifloppy 


128 bytes/sector 
00 
12 
07 
09 
128 
00 
10 
10 
19 


256 
01 
08 
18 
30 
FM Mode 
512 
02 
04 
46 
87 
1024 
03 
02 
C8 
FF 


2048 
04 
01 
C8 
FF 


256 
01 
12 
OA 
OC 


256 
01 
10 
20 
32 


MFM 
512 
02 
08 
2A 
50 
Mode@) 
1024 
03 
04 
80 
FO 


2048 
04 
02 
C8 
FF 


4096 
05 
01 
C8 
FF 


Table 3 
Notes: <DSU9gested values of GPL in Read or Write com- 
mands to avoid splice point between data field and 
10 field of contiguous sections. 
® Suggested values of GPL in format command. 
@) All values except sector size and hexidecimal. 
® In MFM mode FOGcannot perform a Read/Write/ 


format operation with 128 bytes/sector. (N = 00) 


data field from each of the sectors 
are read. Immediately 


after encountering 
the INDEX HOLE, the FDC starts read- 
ing all data fields on the track, as continuous 
blocks of data. 


If the FDC finds an error in the ID or DATA CRC check bytes, 
it continues 
to read data from the track. The FDC compares 


the ID information 
read from each sector 
with the value 


stored in the IDR, and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. 
Multi-track 
or skip 


operations 
are not allowed with this command. 


This command 
terminates 
when number of sectors read is 


equal to EaT. If the FDC does not find an ID Address Mark 
on the diskette 
after it encounters 
the INDEX HOLE for the 


second 
time, then it sets the MA (missing 
address 
mark) 


flag in Status 
register 
1 to a 1 (high). and terminates 
the 


command. 
(Status 
Register 0 has bits 7 and 6 set to 0 and 


1 respectively.) 


ReadlD 
The READ ID Command 
is used to give the present posi- 


tion of the recording 
head. The FDC stores the values from 


the first ID field it is able to read. If no proper 
ID Address 


Mark is found on the diskette, 
before the INDEX HOLE is 


encountered 
for the second 
time then the MA (Missing 


Address 
Mark) flag in Status Register 
1 is set to a 1 (high), 


and if no data is found then the ND (No Data) flag is also set 
in Status 
Register 
1 to a 1 (high). The command 
is then 


terminated 
with Bits 7 and 6 in Status 
Register 
0 set to 0 


and 1 respectively. 
During this command 
there is no data 


transfer 
between 
FDC 
and 
the CPU 
except 
during 
the 


result phase. 


Format A Track 
The Format Command 
allows an entire track to be format- 


ted. After the INDEX HOLE is detected, 
Data is written on 


the Diskette; 
Gaps, 
Address 
Marks, 
ID Fields and Data 


Fields, all per the IBM System 34 (Double 
Density) or Sys- 


tem 3740 (Single 
Density) 
Format are recorded. 
The par- 
ticular format which will be written is controlled by the values 
programmed 
into N (number of bytes/sector), 
SC (sectors/ 


cylinder), 
GPL (Gap Length), 
and D (Data Pattern) which 


are supplied 
by the processor 
during the Command 
Phase. 


The Data Field is filled with the Byte of data stored in D. The 
ID Field for each sector is supplied 
by the processor; 
that 


is, four data requests 
per sector are made by the FDC for 


C (Cylinder 
Number), 
H (Head Number), 
R (Sector 
Num- 


ber) and N (Number 
of Bytes/Sector). 
This allows the dis- 


kette to be formatted 
with nonsequential 
sector numbers, 


if desired. 
I 
The processor 
must send new values for C, H, R, and N to 


the FDC 9266 for each sector on the track. If FDC is set for 
DMA mode, it will issue 4 DMA requests 
per sector. If it is 


set for interrupt mode, it will issue four interrupts 
per sector 


and the processor 
must supply C, H, Rand N load for each 


sector. The contents of the R register is incremented 
by one 


after each sector is formatted, 
thus, the R register contains 


a value of R when it is read during the Result Phase. This 
incrementing 
and formatting 
continues 
for the whole track 


until the FDC encounters 
the INDEX HOLE for the second 


time, whereupon 
it terminates 
the command. 


If a FAULT signal is received from the FDD at the end of a 
write operation, 
then the FDC sets the EC flag of Status 


Register 0 to a 1 (high). and terminates 
the command 
after 


setting bits 7 and 6 of Status Register 0 to 0 and 1 respec- 
tively. Also the loss of a READY signal at the beginning 
of 


a command 
execution 
phase causes 
bits 7 and 6 of Status 


Register 0 to be set to 0 and 1 respectively. 


Table 3 shows the relationship 
between N, SC, and GPL for 


various sector sizes. 


Scan Commands 
The SCAN Commands 
allow data which is being read from 


the diskette 
to be compared 
against 
data which 
is being 


supplied from the main system. The FDC compares the data 
on a byte-by-byte 
basis, and looks for a sector of data which 


meets the conditions 
of DFDO = DpAOCESSOA' 
DFDO 
'" 
DpAOCES- 


SOA,or DFDo 
;;;. DpAOCESSOA. 
The hexidecimal 
byte of FF either 


from memory 
or from FDD can be used as a mask byte 


because 
it always meet the condition 
of the compare. 
Ones 


complement 
arithmetic 
is used for comparison 
(FF = larg- 


est number, 00 = smallest 
number). 
After a whole sector 


of data is compared, 
if the conditions 
are not met, the sector 


number is incremental 
(R + STP ~ R), and the scan oper- 


ation is continued. 
The scan operation 
continues 
until one 


of the following conditions occur; the conditions for scan are 
met (equal, 
low, or high), 
the last sector 
on the track 
is 


reached (EaT). 
or the terminal 
count signal is received. 


If the conditions 
for scan are met then the FDC sets the SH 


(Scan Hit) flag Status 
Register 
2 to a 1 (high), and termi- 
nates the Scan Command. 
If the conditions 
for scan are not 


met between the starting sector (as specified 
by R) and the 


last sector on the cylinder 
(EOT), then the FDC sets the SN 


(Scan Not Satisfied) 
flag of Status Register 2 to a 1 (high), 


and terminates 
the Scan Command. 
The receipt of a TER- 


MINAL 
COUNT 
signal 
from the Processor 
or DMA Con- 


troller 
during 
the scan 
operation 
will cause 
the FDC to 


complete 
the comparison 
of the particular 
byte which is in 


process, and then to terminate the command. Table 4 shows 
the status 
of bits SH and SN under various conditions 
of 


SCAN. 


COMMAND 
STATUS 
REGISTER 
2 
COMMENTS 
BIT2 
= SN 
BIT3 
= SH 


Scan Equal 
0 
1 
DFDo = DpRocEssoA 


1 
0 
DFDO 
':1= 
DPROCESSOR 


Scan Low or 
0 
1 
DFDO 
= 
DpAocEssoR 


Equal 
0 
0 
DFDD < DpAocEssoR 


1 
0 
DFDO > DpRocEssoA 


Scan 
High or 
0 
1 
DFDO 
= DpROCESSOR 


0 
0 
DFDO > DpAocEssoR 
Equal 
1 
0 
DFDo < DpAocEssoR 


Table 4 


If the FDC encounters 
a Deleted Data Address Mark on one 


of the sectors 
(and SK = 0), then it regards the sector as 


the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 
2 to a 1 (high) and terminates 
the com- 


mand. If SK = 1, the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1), the FDC sets the CM (Control Mark) flag of Sta- 
tus Register 
2 to a 1 (high) in order to show that a Deleted 


Sector had been encountered. 
When either the STP (contiguous 
sectors 
= 01, or alter- 
nate sectors 
= 02 sectors are read) or the MT (Multi-Track) 


are programmed, 
it is necessary 
to remember 
that the last 


sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered 
sequentially 
1 through 


26, and we start the Scan Command 
at sector 21; the fol- 


lowing will happen. Sectors 21,23 and 25 will be read, then 
the next sector (26) will be skipped 
and the Index Hole will 


be encountered 
before the EOT value of 26 can be read. 
This will result in an abnormal 
termination 
of the command. 
If the EOT has been set at 25 or the scanning 
started 
at 


sector 20, then the Scan Command 
would be completed 
in 


a normal manner. 


During the Scan Command 
data is supplied 
by either the 


processor 
or DMA Controller 
for comparison 
against 
the 


data read from the diskette. 
In order to avoid having the OR 


(Over Run) flag set in Status Register 
1, it is necessary 
to 


have the data available 
in less than 27 f.lS (FM Mode) or 13 


f.lS (MFM Mode). 
If an Overrun 
occurs the FDC ends the 


command 
with bits 7 and 6 of Status Register 0 set to 0 and 


1, respectively. 


Seek 
The read/write 
head within the FDD is moved from cylinder 


to cylinder 
under control of the Seek Command. 
FOC has 


four independent 
Present Cylinder Registers for each drive. 


They are clear only after Recalibrate 
command. 
The FDC 


compares 
the PCN (Present Cylinder Number) which is the 


current 
head position 
with the NCN (New Cylinder 
Num- 


ber), and 
if there 
is a difference 
performs 
the following 


operation: 
PCN < NCN: Direction 
signal to FDD set to a 1 (high), 


and Step Pulses are issued. (Step In.) 


PCN > NCN: Direction signal to FDDsettoaO(low), 
and 
Step Pulses are issued. (Step Out.) 


The rate at which 
Step Pulses are issued 
is controlled 
by 


SRT (Stepping Rate Time) in the SPECIFY Command. After 
each Step Pulse is issued NCN is compared 
against PCN, 


and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register 0 to a 1 (high), and the command 
is ter- 


minated. 
At this point FDC interrupt 
goes high. Bits DBo- 


DB3 in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 
During the Command 
Phase of the Seek operation the FDC 


is in the FDC BUSY state, but during the Execution 
Phase 


it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another 
Seek Command 
may be issued, and 


in this manner 
parallel 
seek operations 
may be done on 


up to 4 Drives at once. No other command 
could be issued 


for as long as FDC is in process of sending 
Step Pulses to 


any drive. 
If an FDD is in a NOT READY state at the beginning 
of the 


command 
execution 
phase or during the seek operation, 


then the NR (NOT READY) flag is set in Status Register 0 
to a 1 (high), 
and the command 
is terminated 
after bits 7 


and 6 of Status Register 0 are set to 0 and 1 respectively. 
If the time to write 3 bytes of seek command 
exceeds 
150 


f.lS, the timing between first two Step Pulses may be shorter 
than set in the Specify command 
by as much as 1 ms. 


Recalibrate 
The function 
of this command 
is to retract the read/write 


head within the FDD to the Track 0 position. The FDC clears 
the contents 
of the PCN counter, and checks the status of 


the Track 0 signal from the FDD. As long as the Track 0 sig- 
nal is low, the Direction 
signal 
remains 
0 (low) and Step 


Pulses are issued. When the Track 0 signal goes high, the 
SE (SEEK END) flag in Status Register 0 is set to a 1 (high) 
and the command 
is terminated. 
If the Track 0 signal is still 


low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT 
CHECK) flags 


of Status Register 0 to both 1s (highs), and terminates 
the 
command 
after bits 7 and 6 of Status Register 0 is set to 0 


and 1 respectively. 
The ability 
to do overlap 
RECALIBRATE 
Commands 
to 


multiple 
FODs 
and 
the 
loss 
of the 
READY 
signal, 
as 


described 
in the Seek 
Command, 
also 
applies 
to the 


RECALIBRATE 
Command. 


Sense Interrupt 
Status 
An Interrupt 
signal is generated 
by the FDC for one of the 


following 
reasons: 


1. Upon entering 
the Result Phase of: 


a. Read Data Command 
b. Read a Track Command 
c. Read 10 Command 
d. Read Deleted 
Data Command 
e. Write Data Command 
f. Format a Cylinder 
Command 
g. Write Deleted 
Data Command 
h. Scan Commands 
2. Ready Line of FDD changes 
state 
3. End of Seek or Recalibrate 
Command 
4. During Execution 
Phase in the NON-DMA 
Mode 


Interrupts 
caused 
by reasons 
1 and 4 above occur during 


normal command 
operations 
and are easily discernible 
by 


the processor. 
During 
an execution 
phase 
in NON-DMA 


Mode, DB5 in Main Status Register 
is high. Upon entering 


Result Phase this bit gets clear. Reason 
1 and 4 does not 


require Sense 
Interrupt 
Status command. 
The interrupt 
is 


cleared 
by reading/writing 
data to FDC. Interrupts 
caused 


by reasons 
2 and 3 above may be uniquely 
identified 
with 


the aid of the Sense Interrupt Status Command. 
This com- 


mand when issued resets the interrupt 
signal and via bits 
5, 6, and 7 of Status Register 0 identifies 
the cause of the 


interrupt. 


SEEK 
INTERRUPT 
END 
CODE 
BITS 5 
BIT6 
BIT7 
CAUSE 
a 
1 
1 
Ready Line changed state, either 
polarity 
1 
a 
a 
Normal Termination of Seek or 
Recalibrate Command 
1 
1 
a 
Abnormal Termination of Seek or 
Recalibrate Command 


Neither the Seek or Recalibrate 
Command 
have a Result 
Phase. Therefore, 
it is mandatory 
to use the Sense Inter- 


rupt Status Command 
after these commands 
to effectively 
terminate them and to provide verification of where the head 
is positioned 
(PCN). 


Issuing Sense Interrupt Status Command 
without interrupt 
pending 
is treated as an invalid command. 


Specify 
The Specify Command 
sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution 
Phase of one of the 
ReadlWrite Commands 
to the head unload state. This timer 
is programmable 
from 16 to 240 ms in increments 
of 16 ms 


(01 = 16 ms, 02 = 32 ms ... OF = 240 ms).The 
SRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable 
from 1 to 16 ms in incre- 
ments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The 
HLT (Head Load Time) defines the time between when the 
Head 
Load signal 
goes 
high and when the Read/Write 
operation 
starts. This timer is programmable 
from 2 to 254 


ms in increments 
of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 


ms ... 7F = 254 ms). 
The time intervals 
mentioned 
above are a direct function of 


the clock (CLK on pin 19). Times indicated above are for an 
8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy 
application) 
then all time intervals are increased 
by a factor 


of2. 
The choice of DMA or NON-DMA 
operation 
is made by the 


ND (NON-DMA) 
bit. When this bit is high (ND = 1) the NON- 
DMA mode is selected, 
and when ND = 0 the DMA mode 
is selected. 


Sense Drive Status 
This command 
may be used by the processor 
whenever 
it 


wishes to obtain the status of the FDDs. Status Register 3 
contains 
the Drive Status 
information 
stored 
internally 
in 


FDC registers. 


Invalid 
If an invalid command 
is sent to the FDC (a command 
not 
defined above), then the FDC will terminate 
the command 
after bits 7 and 6 of Status 
Register 
0 are set to 1 and 0 
respectively. 
No interrupt 
is generated 
by the FDC 9266 
during this condition. 
Bit 6 and bit 7 (DIO and ROM) in the 
Main Status 
Register 
are both high ("1 ") indicating 
to the 


processor that the FDC 9266 is in the Result Phase and the 
contents 
of Status Register 
0 (STO) must be read. When 
the processor 
reads Status Register 0 it will find an 80 hex 


indicating 
an invalid command 
was received. 


A Sense 
Interrupt 
Status Command 
must be sent after a 


Seek or Recalibrate 
Interrupt, 
otherwise 
the FDC will con- 


sider the next command 
to be an Invalid Command. 


In some applications 
the user may wish to use this com- 


mand as a No-Op command, 
to place the FDC in a standby 


or no operation 
state. 
I 


BIT 
NO. 
NAME 
SYMBOL 
DESCRIPTION 
0, 
Interrupt Code 
IC 
0, = a and 0, = a 
Normal Termination of Command, (NT). Command was completed 


0, 
and properly executed. 
0, = a and 0, = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not successfully 
completed. 
0, = 1 and 0, = a 
Invalid Command issue, (IC). Command which was issued was 
never started. 
0, = 1 and 0, = 1 
Abnormal Termination because during command execution the 
ready signal from FOOchanged state. 
Os 
Seek End 
SE 
When the FOC completes the SEEK Command, this flag is set to 
1 (high). 
D. 
Equipment Check 
EC 
If a fault Signal is received from the FOO,or if the Track a Signal 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 


03 
Not Ready 
NR 
When the FOO is in the not-ready state and a read or write 
command is issued, this flag is set. If a read or write command is 
issued to Side 1 of a single sided drive, then this flag is set. 


0, 
Head Address 
HO 
This flag is used to indicate the state of the head at Interrupt. 


0, 
Unit Select 1 
US1 
These flags are used to indicate a Drive Unit. Number at Interrupt. 
Do 
Unit Select a 
usa 


0, 
Not used. This bit is always 0 (low). 


0, 
Data Errror 
DE 
When the FDC detects 
a CRC error in either the 10field or the data 


field, this flag is set. 


0, 
Over Run 
OR 
If the FDC is not serviced 
by the main-systems 
during 
data 
transfers, 
within 
a certain 
time interval, 
this flag is set. 


0, 
Not used. This bit always 0 (low). 


0, 
No Data 
NO 
During 
execution 
of READ 
DATA, WRITE 
DELETED 
DATA or 
SCAN Command, 
if the FDC cannot 
find the Sector 
specified 
in the 


lOR Register, this flag is set. 


During 
executing 
the READ 10Command, 
if the FDC cannot 
read 


the 10field without 
an error, then this flag is set. 


During the execution 
of the READ A Cylinder 
Command, 
if the 


starting 
sector cannot 
be found, 
then this flag is set. 


0, 
Not Writable 
NW 
During execution 
of WRITE 
DATA, WRITE 
DELETED 
DATA or 


Format A Cylinder 
Command, 
if the FDC detects 
a write 
protect 


signal from the FDD, then this flag is set. 


Do 
Missing 
Address 
Mark 
MA 
If the FDC cannot 
detect 
the 10Address 
Mark after encountering 


the index hole twice, 
then this flag is set. 


If the FDC cannot 
detect the Data Address 
Mark or Deleted 
Data 


Address 
Mark, this flag is set. Also at the same time, the MD 


(Missing 
Address 
Mark in Data Field) of Status 
Register 
2 is set. 


STATUS 
REGISTER 
2 
0, 
Not used. This bit is always 0 (low). 
0, 
Control 
Mark 
CM 
During 
executing 
the READ 
DATA or SCAN 
Command, 
if the FDC 


encounters 
a sector which 
contains 
a Deleted 
Data Address 
Mark, 


this flag is set. 


0, 
Data Error in Data Field 
DO 
If the FDC detects 
a CRC error in the data field then this flag is set. 


0, 
Wrong 
Cylinder 
WC 
This bit is related 
with the NO bit, and when the contents 
of C on the 


medium 
is different 
from that stored 
in the lOR, this flag is set. 


0, 
Scan 
Equal 
Hit 
SH 
During execution, 
the SCAN Command, 
if the condition 
of "equal" 


is satisfied, 
this flag is set. 


0, 
Scan Not Satisfied 
SN 
During executing 
the SCAN Command, 
if the FDC cannot 
find a 


Sector on the cylinder 
which 
meets the condition, 
then this flag 
is set. 


0, 
Bad Cylinder 
BC 
This bit is related 
with the NO bit, and when the content 
of C on the 


medium 
is different 
from that stored 
in the lOR and the content 
of C 


is FF, then this flag is set. 


Do 
Missing 
Address 
Mark 
MD 
When data is read from the medium, 
if the FDC cannot 
find a Data 


in Data Field 
Address 
Mark or Deleted 
Data Address 
Mark, then this flag is set. 


STATUS 
REGISTER 
3 
0, 
Fault 
FT 
This bit is used to indicate 
the status 
of the Fault signal 
from 
the FDD. 


0, 
Write Protected 
WP 
This bit is used to indicate 
the status 
of the Write Protected 
signal 


from the FDD. 
0, 
Ready 
RY 
This bit is used to indicate 
the status 
of the Ready 
signal from 
the FOD. 


0, 
Track 0 
TO 
This bit is used to indicate 
the status 
of the Track 0 signal 
from 


the FOD. 
0, 
Two Side 
TS 
This bit is used to indicate 
the status 
of the Two Side signal 
from 


the FDD. 


0, 
Head Address 
HD 
This bit is used to indicate 
the status 
of Side Select 
signal 
tothe 
FDD. 


0, 
Unit Select 
1 
US1 
This bit is used to indicate 
the status 
of the Unit Select 
1 signal 
tothe 
FDD. 


Do 
Unit Select 
0 
usa 
This bit is used to indicate 
the status 
of the Unit Select 
0 signal 
to the FDD. 


PROCESSOR 
INTERFACE 
Ouring Command 
or Result Phases the Main Status Reg- 


ister (described 
earlier) 
must 
be read by the processor 
before each byte of information 
is written into or read from 


the Oata Register. After each byte of data read or written to 
Oata Register, CPU should wait for 12 flosbefore reading 
MSR. Bits 06 and 07 in the Main Status Register must be 
in a 0 and 1 state, respectively, before each byte of the com- 
mand word may be written 
in the FOC 9266. Many of the 


commands 
require multiple bytes, and as a result the Main 


Status Register must be read prior to each byte transfer to 
the FOC 9266. On the other hand, during the Result Phase, 
06 and 07 in the Main Status Register must both be 1's (06 
= 1 and 07 = 1) before reading each byte from the Oata 
Register. 
Note, this reading 
of the Main Status 
Register 


before each byte transfer 
to the FOC 9266 is required 
in 


only the Command 
and Result Phases, and NOT during the 
Execution 
Phase. 


Ouring the Execution Phase, the Main Status Register need 
not be read. If the FOC 9266 is in the NON-OMA Mode, then 
the receipt of each data byte (if FOC 9266 is reading data 
from FOO) is indicated 
by an Interrupt si9.!l§.1on pin 18 (INT 


= 1). The generation 
of a Read signal (RO = 0) or Write 


signal (WR = 0) will reset the Interrupt as well as output the 
Oata onto the Oata bus. If the processor 
cannot 
handle 
Interrupts fast enough (every 13 floS)for MFM and 27 flosfor 
FM mode, then it may poll the Main Status Register and then 
bit 07 (ROM) functions just like the Interrupt signal. If a Write 
Command 
is in process then the WR signal performs 
the 


reset to the Interrupt signal. 
If the FOC 9266 is in the OMA Mode, no Interrupts are gen- 
erated during the Execution 
Phase. The FOC 9266 gener- 


ates ORO's 
(OMA Requests) 
when each byte of data is 


available. The OMA Controller 
responds tothis request with 


both a OACK = 0 (OMA Acknowledge) 
and a RO = 0 (Read 


sl9.D.£D. When 
the OMA Acknowledge 
signal 
goes 
low 


(OACK = 0) then the OMA Request is reset (ORO = 0). If 
a Write Command 
has been programmed 
then a WR signal 


will appear 
instead of RO. After the Execution 
Phase has 


been completed 
(Terminal 
Count 
has occurred) 
or EOT 


sector was read/written, 
then an Interrupt will occur (INT = 
1). This signifies 
the beginning 
of the Result Phase. When 


the first byte of data is read during the Result Phase, the 
Interrupt is automatically 
reset (INT = 0). 


It is important 
to note that during the Result Phase all bytes 


shown in the Command Table must be read. The Read Oata 
Command, for example has seven by1esof data in the Result 
Phase. All seven bytes must be read in order to success- 
fully complete 
the Read Oata Command. 
The FOC 9266 


will not accept a new command 
until all seven bytes have 


been read. Other commands 
may require fewer bytes to be 


read during the Result Phase. 
The FOC 9266 contains 
five Status 
Registers. 
The Main 


Status Register 
mentioned 
above may be read by the pro- 


cessor at any time. The other four Status Registers 
(STO, 


ST1, ST2, and ST3) are only available 
during the Result 


Phase, and may be read only after completing 
a command. 


The particular 
command 
which has been executed 
deter- 


mines how many of the Status Registers will be read. 
The bytes of data which are sent to the FOC 9266 to form 
the Command 
Phase, and are read out of the FOC 9266 in 


the Result 
Phase, 
must occur 
in the order shown 
in the 


Command 
Table. That is, the Command 
Code must be sent 
first and the other bytes sent in the prescribed 
sequence. 


No foreshortening 
of the Command 
or Result Phases are 


allowed. After the last byte of data in the Command 
Phase 


is sent to the FOC 9266, the Execution Phase automatically 
starts. In asimilarfashion, 
when the last byte of data is read 


out in the Result 
Phase, 
the command 
is automatically 


ended and the FOC 9266 is ready for a new command. 


POLLING 
FEATURE OF THE FOC 9266 
After the Specify command 
has been sent to the FOC 9266, 


the Unit Select line USO and US1 will automatically 
go into 


a polling mode. In between commands 
(and between step 


pulses in the SEEK command) 
the FOC 9266 polls all four 


FOO's looking for a change 
in the Ready line from any of 


the drives. If the Ready line changes 
state (usually due to 


a door opening or closing) then the FOC 9266 will generate 
an interrupt. 
When Status 
Register 
0 (STO) is read (after 


Sense Interrupt 
Status is issued), 
Not Ready (NR) will be 


indicated. 
The polling of the Ready line by the FOC 9266 


occurs continuously 
between commands, 
thus notifying the 


processor which drives are on or off line. Each drive is polled 
every 1.024 ms except during the ReadlWrite 
commands. I 


Inputs are dnven at 2.4V for a logic "1" and OASV for a logic "0," Timing measure· 
ments are made at 2.QV for a logic "1" and a.BV for a logic "0.'" 


Clocks are driven at 3.QV for a logic "1" and O.3V for a logic "0," Timing measure· 
ments are made a12.4V for a logiC "1" and 0.65V tor a logic "0." 


PRECOMPENSATION 


The 
desired 
precompensation 
delay 
is determined 
by the 
state 
of the 
PO, P1 and 
P2 inputs. 
logic 
levels 
present 
on 


these 
pins 
may 
be 
changed 
dynamically 
as 
long 
as the 
inputs 
are 
stable 
during 
the 
time 
the 
floppy 
disk 
controller 
is writing 
to the drive. 


P2 
P1 
PO 
PRECOMP 
VALUE 
o 
0 
0 
0 NS 
o 
0 
1 
125 NS 
o 
1 
0 
250 NS 
o 
1 
1 
375 NS* 


1 
0 
0 
500 NS* 
WRITE PRECOMPENSATION 
VALUE SELECTION 


DATA SEPARATOR 
The 
FDC 
9266 
detects 
the 
leading 
(negative) 
edges 
of the 
disk 
data 
pulses 
and adjusts 
the phase 
of the internal 
clock 
to provide 
the 
internal 
SEPClK 
signal. 


Separate 
short- 
and 
long-term 
timing 
correctors 
assure 
accurate 
clock 
separation. 


ClK 


The 
SEPClK 
frequency 
is nominally 
V'6 the ClK 
frequency. 


Depending 
on the internal 
timing 
correction, 
the duration 
of 


any 
SEPClK 
half-cycle 
may 
vary 
from 
a nominal 
of 8 to a 


minimum 
of 6 and 
a maximum 
of 11 internal 
clock 
cycles. 


SEPClK* ---J 
, 


SEPO*_________ 
I 
LJ 
I 
L.J 
I 
. 
~ 
always two Internal clock cycles 
LJ 


*internal signals to FOC 9266 


ELECTRICAL 
CHARACTERISTICS 


ABSOLUTE 
MAXIMUM 
RATINGS* 


Operating 
Temperature. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
O°C to + 70°C 
Storage 
Temperature 
- 55°C to + 150°C 
All Output 
Voltages. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
- 0.5 to + 7 Volts 
All Input Voltages 
- 0.5 to + 7 Volts 
Supply 
Voltage 
Vcc 
. . . . . . .. . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . •. . . . . . . .. . . . . . . . . . . .. . . . . . . 
- 0.5 to + 7 Volts 


Power Dissipation 
..........................................................................•............................. 
1 Watt 


T. = 25°C 


*COMMENT: 
Stress 
above those 
listed under 
"Absolute 
Maximum 
Ratings" 
may cause 
permanent 
damage 
to the device. 
This is a 
stress 
rating 
only and functional 
operation 
of the device 
at these 
or any other 
conditions 
above those 
indicated 
in the' operational 


sections 
of this specification 
is not implied. 
Exposure 
to absolute 
maximum 
rating conditions 
for extended 
periods 
may affect device 


reliability. 


LIMITS 
TEST 
PARAMETER 
SYMBOL 
MIN 
TYP<D 
MAX 
UNIT 
CONDITIONS 


Input Low Voltage 
V" 
-0.5 
0.8 
V 


Input High Voltage 
V'H 
2.0 
Vee + 0.5 
V 


Output 
Low Voltage 
VOL 
0.45 
V 
10L= 2.0 mA 


Output 
High Voltage 
VoH 
2.4 
Vee 
V 
10H= -200).LA 


Input Low Voltage 
V1L(4)l 
-0.5 
0.65 
V 


(CLK 
+ WR Clock) 


Input High Voltage 
V1H(¢» 
2.4 
Vee + 0.5 
V 


(CLK 
+ WR Clock) 


Vee Supply 
Current 
Ice 
200 
mA 


Input Load Current 
I" 
10 
).LA 
V'N = Vee 
(All Input Pins) 
-10 
).LA 
V,N = OV 


High Level Output 
Leakage 
Current 
tOH 
10 
).LA 
VOUT = Vcc 
Low Level Output 
Leakage 
Current 
ILOL 
-10 
).LA 
VoUT= +0.45V 


LIMITS 
TEST 
PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
CONDITIONS 


Clock 
Input Capacitance 
C'N''''' 
20 
pF 
All Pins Except 
Pin 


Input Capacitance 
CiN 
10 
pF 
Under Test Tied to 
Output 
Capacitance 
COUT 
20 
pF 
ACGround 


LIMITS 
TEST 
PARAMETER 
SYMBOL 
MIN 
TYPCD 
MAX 
UNIT 
CONDITIONS 


Clock 
Period 
<l>cv 
120 
125 
130 
ns 


Clock Active 
(High, 
Low) 
<1>, 
40 
ns 


Clock 
Rise Time 
<1>, 
20 
ns 


Clock 
Fall Time 
<1>, 
20 
ns 


A" CS, DACK Set Up Time to RD 1 
TAR 
0 
ns 


A" CS, DACK Hold Time from RD t 
TRA 
0 
ns 


RDWidth 
TRR 
250 
ns 


Data Access 
Time from RD 1 
TRo 
200 
ns 
CL = 100pF 


DB to Float Delay Time from RD t 
TOF 
20 
100 
ns 
CL = 100 pF 


A" CS, DACK Set Up Time to WR 1 
TAw 
0 
ns 


A" CS, DACK Hold Time to WR t 
T_ 
O 
ns 


WRWidth 
Tww 
250 
ns 


Data Set Up Time to WR t 
Tow 
150 
ns 


Data Hold Time from WR t 
Two 
5 
ns 


INT Delay Time from RD t 
TR1 
500 
ns 


INT Delay Time from WR t 
Two 
500 
ns 


DRa 
Cycle Time 
TMCY 
13 
fls 


DRa 
Delay Time from DACK 1 
TAM 
200 
ns 


TCWidth 
TTc 
1 
<l>cv 


Reset Width 
TRST 
14 
<l>cv 


US,., Hold Time to RW/SEEK 
t 
Tus 
12 
flS 


SEEKlRW 
Hold Time to LOW 
Tso 
7 
flS 


CURRENT/DIRECTION 
t 


LOW CURRENT/DIRECTION 
Hold 
8 Mhz 
Clock 
Period 
Time to FAULT 
TosT 
1.0 
flS 


RESET/STEP 
i 
Mini=O 


US" 
Hold Time from FAULT RESET/ 
TSTU 
5.0 
16 MHz 
Clock 
Period 
flS 
Mini=1 
STEP t 


STEP Active Time (High) 
TSTP 
6.0 
7.0 
flS 


STEP Cvcle Time 
Tsc 
33 
® 
® 
flS 


FAULT RESET 
Active Time (High) 
TFR 
8.0 
10 
flS 


US,., Hold Time After SEEK 
Tsu 
15 
flS 
8 MHz 
Clock 
Period 


Seek Hold Time from DIR 
Tos 
30 
flS 
Mini=O 
16 MHz 
Clock 
Period 
DIR Hold Time after STEP 
TS10 
24 
flS 
Mini-1 


Index Pulse Width 
TIDX 
10 
<l>cv 


RD 1 Delav from DRa 
TMR 
800 
ns 
8 MHz 
Clock 
Period 
WR 1 Delay from DRa 
TMw 
250 
ns 
Mini=O 


WE or RD Response 
Time 
TMAW 
12 
fls 
16 MHz 
Clock 
Period 


from DRat 
Mini=1 
I 


NOTES: 
CD Typical 
values 
for T. = 25°C and nominal 
supply 
voltage. 


® Under Software 
Control. 
The range is from 1 ms to 16 ms for 8" floppies, 
and 2 to 32 ms for 5v." floppies. 
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For more information, 
please consult: 


Technical Note 6-1 (Digital Data Separation) 
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Circuit 
diagrams 
utilizing 
SMC product~ 
are inClu,ded as a means of illustrating 
typical 
semicond~ctor 
applica- 
tions; consequently 
complete informatIon 
su.ffiClent for construction 
purposes is not necessarily 
given. The 


information 
~as been .carefully 
checked 
and. IS belie.ved to be entirely 
reliable. 
However, 
no responsibility 
is 
assumed for inaccuracies. 
Furthermore, 
such informatIon 
does not convey to the purchaser of the semiconductor 
devices described 
any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve 
design 
and supply 
the best product 
possible. 


STANDARD MICROSYSTEMS 
aJRPORAnON, 
FDC 9268 


Quad Density Integrated Floppy Disk Controller 


o Combination 
Floppy Disk Controller, 


Data Separator and Precompensation 
Generator 
o Software compatible 
with industry 


standard FDC 765A 
o On chip high resolution digital data 


separator eliminates critical analog 
adjustments 
0500,300,250,125 
Kb/s Data Rates 
o IBM compatible 
in both single, double 


and quad density recording formats 
o Programmable 
data record lengths: 


128,256,512, 
or 1024 bytes/sector 
o Multi':'sector and multi-track 
transfer 


capability. 
o Controls up to 4 floppy disk drives 
o Data Scan Capability-will 
scan a 


single sector or entire track's worth of 
data fields, comparing 
on a byte 
by byte basis, data in the 
processor's 
memory with 


the data read from the diskette 
o Data transfers in DMA or non-DMA 


mode 
o Single 16 MHz TTL clock input 
o Parallel Seek operations on up to four 
drives 


HOl 
FR/STP 
lCTlDlR 


RW/SEEK 


vcc 
NC 
RESET 
RD 


WR 
CS 


Aa 


RESET 
1 
RiS 
2 
Wi'! 3 
cs 
4 
A, 
5 


DBa 
6 


DBl 
7 


DB, 
8 


DB, 
9 
DB, 
10 
DB, 
11 


OB,12 
OB,13 
ORO 14 
l5J\CK 
15 
TC 
16 
lOX 
17 


INT 
18 
TEST 
19 
GNO 
20 


40 
Vcc 


39 
RW SEEK 
38 
LCT DIR 
37 
FR STP 


36 
HOl 


35 
ROY 
34 WP TS 


33 
FLT TRa 


32 
P2 
31 
P1 


30 
WOOUT 


29 
US, 


28 US, 
27 HO 
26 
MFM 


25 
WE 


24 
PO 
23 l5SKD 
22 CLK 
21 MINI I 
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41 
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43 
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44 
24 
1 
23 
2 
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3 
21 
4 
20 
5 
19 


6 
18 
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o Compatible with most microprocessors 
o COPLAMOS® 
n-channel silicon gate 
technology 


WE 
PO 


OSKO 
ClK 
MINI 


NC 
GNO 
TEST 
INT 


lOX 
TC 
D 


o Single +5 Volt power supply 
o Available in 40-pin 
Dual-In-Line 
and 


44-pin 
PLCC packages. 


GENERAL DESCRIPTION 
The FDC 9268 is a monolithic 
combination 
of the industry 
The 
FDC 
uses 
a high 
performance 
16-bit 
cell 
divide 
standard 
FDC 765A Floppy 
Disk Controller 
and the FDC 
algorithm 
which produces 
significant 
improvements 
in soft 
9239, a high performance 
Data Separator 
and Precom- 
error 
rates over existing 
designs. 
The FDC 9268's 
high 


pensation 
Generator. 
It preserves 
all of the 
processor 
performance 
is achieved without any external adjustments. 
hardware 
and software 
interfaces 
to the FDC 765A, and 
The FDC 9268 also allows variable write precompensation, 
contains 
on-chiP. CIrcuitry to Simplify drive Interfacing. The 
which is track selectable 


FDC 9268 contains 
the circuitry 
and control functions 
for 
. 
interfacing 
a processor to four 3.5",5.25", and 8" floppy-disk 
There are fifteen separate commands 
which the FDC 9268 
drives. 
It is capable 
of supporting 
either IBM 3740 single 
will execute. 
Each of these 
commands 
requires 
multiple 
density format (FM). IBM System 34 Double Density format 
8-bit 
bytes 
to fully 
specify 
the 
operation 
which 
the 
(MFM) or IBM quad density format, including double-sided 
processor 
wishes 
the 
FDC 
to 
perform. 
The 
following 
recording. 
The 
FDC simplifies 
and handles 
most of the 
commands 
are available: 


burdens 
associated 
with 
implementing 
a 
Floppy 
Disk 
Read Data 
Write Data 
Interface. 
Read ID 
Format a Track 


Hand-shaking 
signals are provided in the FDC 9268 which 
Read Deleted Data 
Write Deleted Data 


make DMA operation 
easy to incorporate 
with the aid of an 
Read a Track 
Seek 


external DMA or Non-DMA 
mode. In the Non-DMA 
mode, 
Scan Equal 
Recalibrate 
(Restore to Track 0) 
the FDC generates 
interrupts to the processor 
every time a 
Scan High or Equal 
Sense Interrupt Status 


data byte is available. 
In the DMA mode, the processor 
Scan Low or Equal 
Sense Drive Status 


need only load the command 
into the FDC and all data 
Specify 


transfers 
occur under control of the FDC 9268. 
Address 
mark 
detection 
circuitry 
is internal 
to the FDC 
The FDC 9268 enhancements 
greatly reduce the number 
which 
simplifies 
the read electronics. 
The track stepping 
of components 
required 
to 
interface 
floppy 
disks 
to a 
rate, 
head 
load 
time, 
and 
head 
unload 
time 
may 
be 
microprocessor 
system. 
These 
on-chip 
enhancements 
programmed 
by the 
user. The 
FDC 
9268 
offers 
many 
include a digital data separator, compatible 
with 3.5", 5.25", 
additional 
features such as multiple sector transfers 
in both 
and 8" floppy disk drives. The FDC 9268 separates both FM 
read 
and 
write 
with 
a single 
command, 
and 
full 
IBM 
(Single Density) and MFM (Double Density) encoded 
data. 
compatibility 
in both single and double density modes. 
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DRIVE 


2 SIDED 
WPRT 
TRK 00 
FDC 9268 
FAULT 


FLT RST 
RW!SEEK 
STEP 


WP!fS 
DIR 
FLTITR0 
LOW CUR 
FR!STEP 
LCT/DIR 


DB0-DB7 
P0 


DB0- 
P' 
PRE COMPENSATION 


DB7 
P2 
SELECT 
RDY 
RDY 


IDX 
IDX 


WE 
WE 
HD 
SIDE SEL 
HDL 
HLD 


INT 
INT 
D 
DRSEL4 
CS 
CS 
US, 
E 
DRSEL3 
C 


RD 
US0 
0 
DRSEL2 
g 
DRSEU 


WR 
A 
A0 
I5SKil 
RAW READ 
DRO 


DACK 
WDOUT 
WDATA 


TC 
MINI 
RDY 


RST 
MFM 
IDX 


LATCH 
WE 
SIDE SEL 


MOTOR 
ON 


DATA 
SEPARATOR 
AND 
PRECOMP 
lOGIC 


READY 


WRITE 
PROTECT/TWO 
SIDE 


INDEX 


FAULT/TRACK 
0 


MINI 


UNITSELECTO 


UNITSELECT 
1 
MFMMOI)E 


R'W SEEK 


HEAD 
LOAD 


HEAOSELECT 


LOW CURRENTfDIRECTION 


FAULT 
RESET/STEP 


PIN 
INPUT/ 
CONNECTION 


NO. 
SYMBOL 
NAME 
OUTPUT 
TO 
FUNCTION 


1 
RST 
Reset 
Input 
Processor 
Places 
FDC in idle state. 
Resets 
output 
lines to FDD to "0" 
(low). 


Does not effect 
SRT, HUT or HLT 
in Specify 
command. 
If RDY pin is 


held high during 
Reset, 
FDC will 
generate 
interrupt 
1.024 ms later. 


To clear this interrupt 
use Sense 
Interrupt 
Status 
command. 


2 
RD 
Read 
Input(j) 
Processor 
Control 
signal for transfer 
of data 


from FDC to Data Bus, when 
"0" (low). 


3 
WR 
Write 
Input(j) 
Processor 
Control 
signal 
for transfer 
of data to 


FDC via Data Bus, when 
"0" (low). 


4 
CS 
Chip Select 
Input 
Processor 
IC selected 
when-.Jr' 
(low), 


allowing 
RD and WR to be 
enabled. 


5 
A" 
Data/Status 
Reg 
Input(j) 
Processor 
Selects 
Data Reg (A" = 1) or 
Select 
Status 
Reg (Aa = 0) contents 
of 
the FDC to be sent to Data Bus. 


6-13 
DBa·DB, 
Data Bus 
Input(j) 
Processor 
Bi-Directional 
8-Bit Data Bus. 


Output 


14 
DRO 
DataDMA 
Output 
DMA 
DMA Request 
is being made by 


Request 
FDC when 
DRW = "1". 


15 
DACK 
DMA 
Input 
DMA 
DMA cycle is active when 
"0" (low) 


Acknowledge 
and Controller 
is performing 
DMA 
transfer. 


16 
TC 
Terminal 
Count 
Input 
DMA 
Indicates 
the termination 
of a DMA 
transfer 
when 
"1" (high). 
It 


terminates 
data transfer 
during 


Read/Write/Scan 
command 
in 


DMA or interrupt 
mode. 


17 
IDX 
Index 
Input 
FDD 
Indicates 
the beginning 
of a disk 
track. 


18 
INT 
Interrupt 
Output 
Processor 
Interrupt 
Request 
Generated 
by 


FDC. 


19 
TEST 
Test 
Input 
This pin is for test purposes 
only. 


Should 
be left tied high in normal 


operation. 


20 
GND 
Ground 
D.C. Power Return. 


21 
MINI 
Mini 
Input 
Processor 
This input, when set to "1" (hi!;lh), 
configures 
the FDC for operation 


with 250 Kb/s. 
If reset to "0" 


(low), then the FDC is configured 
for 500 Kb/s operation 
(MFM 
mode). 


22 
CLK 
16MHz 
Input 
Device 
clock. 


TTLClock 


23 
DSKD 
Raw Data 
Input 
FDD 
Raw data from drive. 


24,31,32 
PO, P1, P2 
Precompensation 
Input 
Processor 
These 
pins select the amount 
of 


Select 
precompensation 
applied 
to the 
write data. 


25 
WE 
Write Enable 
Output 
FDD 
Enables 
write data into FDD. 


26 
MFM 
MFM Mode 
Output 
MFM mode when 
"1," FM mode 
when "0." 


27 
HD 
Head Select 
Output 
FDD 
Head 
1 selected 
when 
"1" (high). 


Head 2 selected 
when 
"0" (low). 


28,29 
US" 
USa 
Unit Select 
Output 
FDD 
FDD Unit Selected. 


30 
WDOUT 
Write Data Out 
Output 
FDD 
Serial clock and data bits to FDD. 


33 
FLTrrRa 
Faultrrrack 
0 
Input 
FDD 
Senses 
FDD fault condition, 
in 


Read/Write 
mode; 
and Track 0 
condition 
in Seek mode. 


34 
wprrs 
Write Protecl! 
Input 
FDD 
Senses 
Write Protect 
status 
in 


TWo-Side 
Read/Write 
mode; 
and Two Side 


Media in Seek mode. 


I 


35 
RDY 
Ready 
Input 
FDD 
Indicates 
FDD is ready to send or 
receive 
data. 


36 
HDL 
Head Load 
Output 
FDD 
Command 
which 
causes 
read! 


write head in FDD to contact 
diskette. 


37 
FR STP 
Fit Reset Stop 
Output 
FDD 
Resets 
fault F.F. in FDD in Read/ 


Write mode, 
contains 
stop pulses 


to move head to another 
cylinder 
in 
Seek mode. 


38 
LCT DIR 
Low Current 
Output 
FDD 
Lowers 
Write current 
on inner 
Direction 
tracks.2. 
42 in Read/Write 
mode, 


determines 
direction 
head will stop 
in Seek 
mode. 
A fault reset pulse 
is 


I 


issued 
at the beginning 
of each 
Read or Write command 
prior to 


the occurrence 
of the Head 
Load 


signal. 


39 
RW SEEK 
Read Write SEEK 
Output 
FDD 
When 
"1" (high) 
Seek 
mode 


I 


selected 
and when 
"0" (low) Read 


Write mode selected. 


40 
Voc 
~5V 
DC Power. 


DESCRIPTION 
OF PIN FUNCTIONS 


E 


PIN 


NO. 
SYMBOL 
NAME 


IINPUT/ 
l-9UTPUT 


I 
CONNECTION 
L 
TO 


The 
FDC 
9268 
contains 
two 
registers 
which 
may 
be 
ac- 


cessed 
by the 
main 
system 
processor; 
a Status 
Register 


and 
a Data 
Register. 
The 
8-bit 
Main 
Status 
Register 
con- 


tains 
the 
status 
information 
of 
the 
FDC, 
and 
may 
be 


accessed 
at 
any 
time. 
The 
8-bit 
Data 
Register 
(actually 
consists 
of several 
registers 
in a stack 
with 
only 
one 
register 


presented 
to the 
data 
bus 
at a time), 
which 
stores 
data, 
commands, 
parameters, 
and 
FDD 
status 
information. 
Data 


bytes 
are 
read 
out 
of, or written 
into, 
the 
Data 
Register 
in 


order 
to program 
or obtain 
the results 
after 
a particular 
com- 


mand. 
The 
Status 
Register 
may 
only 
be read 
and 
used 
to 


The 
bits 
in the 
Main 
Status 
Register 
are defined 
as follows: 


facilitate 
the 
transfer 
of data 
between 
the 
processor 
and 


FDC 
9268 


The 
relation~ 
between 
the Status 
Data 
registers 
and the 


signals 
RD, WR, 
and 
Ao is shown 
below. 


A, 
RD 
WR 
FUNCTION 


0 
0 
1 
Read Main Status 
Register 


0 
1 
0 
Illega~ 


0 
0 
0 
Illegal 


1 
0 
0 
Illegal 


1 
0 
1 
Read from Data Register 


1 
1 
0 
Write into Data Register 


-- 


BIT NUMBER 
NAME 
SYMBOL 
DESCRIPTION 


DB, 
FDD 0 Busy 
D,B 
FDD number 
0 IS in the Seek mode. 
If any of the bits is set 
FDC will not accept 
read or write command. 


DB, 
FDD 1 Busy 
D,B 
FDD number 
1 IS in the Seek mode. 
If any of the bits is set 


-- 
FDC will not accept 
read or wnte command. 


DB, 
FDD 2 Busy 
D,B 
FDD number 
2 is in the Seek mode. 
If any of the bits is set 


FDC will not accept 
read or wnte command. 


DB, 
FDD 3 Busy 
D,B 
FDD number 
3 is in the Seek mode. 
If any of the bits is set 


FDC will not accept 
read or write command. 


DB, 
FDC Busy 
CB 
A read or write command 
is in process. 
FDC will not accept 


any other command. 


DB, 
Execution 
Mode 
EXM 
This bit is set only during 
execution 
phase 
in non-DMA 
mode. 


When 
DB, goes low, execution 
phase 
has ended, 
and result 


phase was started. 
It operates 
only during 
NON·DMA 
mode 
of operation. 


DB, 
Data Input/Output 
DIO 
Indicates 
direction 
of data transfer 
between 
FDC and Data 


Register. 
If DIO = "1" then transfer 
is from Data Register 
to 


the Processor. 
If DIO = "0", then transfer 
is from the 
Processor 
to Data Register. 


DB, 
Request 
for Master 
ROM 
Indicates 
Data Register 
is ready to send or receive 
data to or 


from the Processor. 
Both bits DIO and ROM should 
be used 


to perform 
the hand·shaking 
functions 
of "ready" 
and 


"direction" 
to the processor. 


The DIO and ROM bits in the Status .~istllindicate 
when 
Data is ready and in which 
direction 
data will be transferred 
on the Data 
Bus. The max time between 
the last RD or WR during 
command 
or result phase 
and DIO and ROM getting 
set or reset is 12 fJ-UOr 
thiS reason 
every time Main Status 
Register 
IS read the CPU should 
wait 12 fJ-s.The max time from the trailing 
edge of the last RD in 


the result phase 
to when 
DB, (FDC Busy) goes low is 12 fJ-S. 
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L 


Ready 
: 
! : 


Request lor Masler 
:1 
II 
~ 
II 
i II 


(ROM) 
l~ 
~:~~1 


I 
Ready 
I 
I 
: 
I 
I 
I 
I 
I 
I 


WR 
1 
;: 
1: 
I 
: 
~ 
I 
I 
I 
t 
- 
I 
AO~I 
I 
I' 
I I 
I 
I 
I 
I I I 
I 


I 
A I "I 
A 
1"1 A I c I 0 I c 101"1 
A I 


Notes: 0 -Data 
register ready to be written mlo by processor 
00 -Data 
register not ready to be written into by processor 
@] -Data 
register ready for next data byte 10 be read by the processor 
[Q] -Data 
register not ready for next data byte to be read by processor 


COMMAND 
SEQUENCE 


The FOC 9268 is capable 
of performing 
15 different 
com- 


mands. Each command 
is initiated by a multi-byte 
transfer 


from the processor, 
and the result after execution 
of the 
command 
may also be a multi-byte transfer back to the pro- 
cessor. Because 
of this multi-byte 
interchange 
of informa- 
tion 
between 
the 
FOC 9268 
and 
the 
processor, 
it is 
convenient to consider each command as consisting of three 
phases: 


Command 
Phase: 
The FOC receives 
all information 
required 
to perform 
a particular 
operation 
from the processor. 


The FOC performs 
the operation 


it was instructed 
to do. 


After completion 
of the opera!i"" 
, 


status 
and other 
housekeeping 


informatio'l 
are made available to 


the processor. 


SYMBOL 
NAME 
DESCRIPTION 


A" 
Address 
Line 0 
A" controls 
selection 
of Main Status 
Re9ister 
(A" = 0) or Data Register 
(A" = 1). 


C 
Cylinder 
Number 
C stands 
for the current/selected 
Cylinder 
(track) 
number 
0 through 
76 of 


the medium. 


D 
Data 
D stands 
for the data pattern 
which 
is qoinq to be written 
into a Sector. 


D,-Do 
Data Bus 
8-bit Data Bus, where 
D, stands 
for a most significant 
bit, and Do stands 
for a 


least significant 
bit. 


DTL 
Data Length 
When 
N is defined 
as 00, DTL stands 
for the data length which 
users are 
qoinq to read out or write into the Sector. 


EaT 
End of Track 
EaT 
stands 
for the final Sector 
number 
on a Cylinder. 
During 
Read or Write 


operation 
FDC will stop date transfer 
after a sector 
# equal to EaT. 


GPL 
Gap Length 
GPL stands 
for the length of Gap 3. During 
Read/Write 
commands 
this value 
determines 
the number 
of bytes that vcas 
will stay low after two CRC bytes. 


During 
Format command 
it determines 
the size of Gap 3. 


H 
Head Address 
H stands 
for head number 
0 or 1, as specified 
in ID field. 


HD 
Head 
HD stands 
for a selected 
head number 
0 or 1 and controls 
the polarity 
of pin 
27. (H = HD in all command 
words.) 


HLT 
Head Load Time 
HLT stands 
for the head load time in the FDD (2 to 254 ms in 2 ms 


increments). 


HUT 
Head Unload 
Time 
HUT stands 
for the head unload 
time after a read or write operation 
has 
occurred 
(16 to 240 ms in 16 ms increments). 


MF 
FM or MFM Mode 
If MF is low, FM mode is selected, 
and if it is high, MFM mode 
is selected. 


MT 
Multi-Track 
If MT is high, a multi-track 
operation 
is to be performed. 
If MT = 1 after 


finishing 
Read/Write 
operation 
on side 0 FDC will automatically 
start 
searching 
for sector 
1 on side 1. 


N 
Number 
Number 
of data bytes written 
in a Sector 
= 128- 2"- 


NCN 
New Cylinder 
Number 
NCN stands 
for a new Cylinder 
number, 
which 
is going to be reached 
as a 


result of the Seek operation. 
Desired 
position 
of Head. 


ND 
Non-DMA 
Mode 
ND stands 
for operation 
in the Non-DMA 
Mode. 


PCN 
Present 
Cylinder 
PCN stands 
for the Cylinder 
number 
at the complelion 
of SENSE 
Number 
INTERRUPT 
STATUS 
Command. 
Position 
of Head at present 
time. 


R 
Record 
R stands 
for the Sector 
number, 
which 
will be read or written. 


R/W 
Read/Write 
R/W stands 
for either 
Read (R) or Write (W) signal. 


SC 
Sector 
SC indicates 
the number 
of Sectors 
per Cylinder. 


SK 
Skip 
SK stands 
for Skip Deleted 
Data Address 
Mark. 


SRT 
Step Rate Time 
SRT stands 
for the Stepping 
Rate for the FDD. (1 to 16 ms in 1 ms 
increments.) 
Stepping 
Rate applies 
to all drives, 
(F = 1 ms, E = 2 ms, etc.). 


STO 
Status 
0 
ST 0-3 stand for one of four registers 
which 
store the status 
information 
after 
ST1 
Status 
1 
a command 
has been executed. 
This information 
is available 
during 
the 
ST2 
Status 
2 
result phase after command 
execution. 
These 
registers 
should 
not be 


ST3 
Status 
3 
confused 
with the main status 
register 
(selected 
by Ao = 0). ST 0-3 may be 
read only after a command 
has been executed 
and contain 
information 
relevant 
to that particular 
command. 
STP 
During 
a Scan operation, 
if STP = 1, the data in continguous 
sectors 
is 
compared 
byte by byte with data sent from the processor 
(or DMA); 
and if 
STP = 2, then alternate 
sectors 
are read and compared. 


USO, US1 
Unit Select 
US stands 
for a selected 
drive number 
0 or 1. 


I 


PHASE 
I 
RIW 
I 
07 
D. 
05 
0, 
D) 
0, 
0, 
DO I 
REMARKS 
PHASE 
I RfW I 
U, u. 
Us U, 
U) 
U, 
U. 
Un 
"t:M~""''' 


READ DATA 
READ A TRACK 


Command 
W 
MT 
MF 
SK 
0 
0 
, 
, 
0 
Command Cooes 
Command 
W 
0 
MF 
SK 
0 
0 
0 
, 
0 
Command Codes 


W 
X 
X 
X 
X 
X 
HO 
US, 
usa 
W 
X 
X 
X 
X 
X 
HO 
US, 
usa 


W 
C 
SectO' 10 ,nformotllon pliO' 
W 
C 
SectOr 10 onfo,mallon proor 


W 
H 
10Command executIon. The 
W 
H 
to Command executIon 


W 
R 
4 byie~ lHecommanded agalnSl 
W 
R 


W 
N 
heade' on FlOppy Ol~k 
W 
N 


W 
EDT 
W 
EDT 


W 
GPL 
W 
GPL------ 


W 
OTL 
W 
OTL------ 


ExecutIon 
Data-transfer 
between the 
ExecutIon 
oala-translerbetweenthe 


FoD and maonsyuem 
FoD and ma,n-sy~tem. FOC 
reach all data f'elds 
Result 
R 
ST 0 
Status ,nlOlmatlon 
after 
from lOde. hote to Ear 


R 
STl 
Command executIon 


R 
ST2 
Result 
R 
ST 0 
Sialus onfo,matlon aile. 


R 
C 
Sector to onlormat,on afte, 
R 
ST, 
Command executIOn 


R 
H 
Comm<lod executIon 
R 
st, 


R 
-- 
--R 
R 
C 
Se-cto. 10 onlo,mat,on ahe. 


R 
N 
R 
H 
Command execution 


READ DELETED DATA 
R 
R 


R 
N 
Command 
W 
MT 
MF 
5K 
0 
, 
, 
0 
0 
Command Codes 


READ 10 
W 
X 
X 
X 
X 
X 
HO 
US, 
USO 


Command 
W 
0 
MF 
0 
0 
, 
0 
, 
0 
Commands 


W 
C 
$ector 10 ,n' ormatIon p"o, 


W 
X 
X 
X 
X 
X 
HO 
US, 
uso 
W 
H 
to Command executIon. The 


W 
R 
4 bytes a,e COlnmandedagalnSl 
executIon 
The first correct 
ID ,nformatlon 


W 
N 
header on Floppy D,sk 
on the Cylinder is stored 
10 


W 
EDT 
Data Reg,ster 
W 
GPL 


W 
OTL 
Result 
R 
ST 0 
Status ,nformatlon 
after 


executron 
Data·tritnsler between the 
R 
STl 
Command 
executIon 


R 
ST2 
FDD and main· system 


R 
C 
Sector 10 mlormatlon 
read 


Rnull 
R 
ST 0 
Status onformatlon aher 
R 
H 
during execullon 
Phase from 


R 
STl 
Command executIon 
R 
R 
Floppy Disk 


R 
ST2 
R 
N 


R 
C 
Sector 10 Info,matlon 
after 
FORMAT A TRACK 


R 
H 
Command executIon 
Command 
W 
0 
MF 
0 
0 
, , 
0 
, 
Command Codes 


R 
R 


R 
N 
W 
X 
X 
X 
X 
X 
HO 
US, 
U50 


WRITE DATA 
W 
N 
Bytes/Secto. 


W 
5C 
Sectou/Track 
Command 
W 
MT 
MF 
0 
0 
0 
, 
0 
, 
Command Codn 
W 
GPL 
Gap 3 


W 
X 
X 
X 
X 
X 
HO 
US, 
usa 
W 
0 
F,lle. Byte 


W 
C 
$ectO' 10 onfo.matlon P"OI 
executIon 
FOC formats an ent,re ,rack 


W 
H 
10Commotnd exeCUllon. The 
W 
R 
Result 
R 
ST 0 
Status onformatlon after 


W 
N 
4 bytes are commanded agalnS! 


R 
STl 
Command executIon 


W 
EDT 
heade, on FlOppy DI~k 


R 
ST2 
W 
GPL 
R 
C 
In th" case. the to onformatlon 


W 
OTL 
R 
H 
has no meanong 


Oala-transfer between Ihe 


R 
R 
execuloon 
R 
N 
maon-system and FDD 
SCAN EaUAL 


Result 
R 
STO 
Status onformallon olfter 
Command 
W 
MT 
MF 
5K , 
0 
0 
0 
, 
Command Codes 


R 
5Tl 
Command exeCUllon 


W 
X 
X 
X 
X 
X 
HO 
US, 
usa 
R 
ST2 


R 
C 
$e(:lor to IOfo.maHon olfte. 
W 
C 
Sector 10 IOlo.matoon proOf 


R 
H 
Command executiOn 
W 
H 
to Command executIon 


R 
R 
W 
R 


R 
N 
W 
N 


WRITE DELETED DATA 
W 
EDT 


W 
GPL 
Command 
W 
MT 
MF 
0 
0 
, 
0 
0 
, 
Command Codes 
W 
STP 


W 
X 
X 
X 
X 
X 
HO 
US, 
USO 


C 
Execution 
Oata-eompare<! between 
the 


W 
$ec:o. 10 ,olo,mat,on 
P"O' 
F00 
and mlln-system 


W 
II 
to Com~nd 
executoon. The 


W 
R 
4 bytes are commanded agaonst 
ReSult 
R 
STO 
Status onlormiltlon aller 
W 
N 
heade, on Ftoppy Disk_ 
R 
STl 
Commilnd execut,on 


W 
EDT 
R 
ST2 


W 
GPL 
R 
C 
Se-cIO' 10 onfo.mat,onithe' 


W 
OTL 
R 
H 
Command execullon 


Data·transfe. 
between Ihe 
R 
R 
ExeculOon 
R 
N 
FoD and maln-sySlem 


Rlsult 
R 
5T 0 
Status rnlo.matoon after 


R 
STl 
Command eXICUIOOn 


R 
512 


R 
C 
Secto. 
10 InformatIon after 


R 
H----- 
Command tlo:eCUlOon 


R 
R 


R 
N 


Note: CD Symbols used in this table Irl described al thl Ind 01 this section. 


(6) AO should equal bOIlary1 for all Oplrat,ons. 


Q) X • Don't .:.rl. usuitlly made to equal b,nary O. 


DATA 
BUS 
I 
DATA 
BUS 
I 


PHASE 
R!W 
0, 
0", 
0.:: 
04 
0'1 
02 
0, 
00 
REMARKS 
PHASE 
RIW 
07 
D. 
0, 
D. 
0, 
02 
0, 
00 
REMARKS 


SCAN 
lOW OR 
EaUAL 
RECALIBRATE 


Command 
W 
MT 
MF 
SK , 
, 
0 
0 
, 
Command 
Codes 
Command 
W 
0 
0 
0 
0 
0 
, 
1 
, 
Command 
Codes 


W 
X 
X 
X 
X 
X 
HD 
US, 
uso 
W 
X 
X 
X 
X 
X 
C 
U51 
usa 


W 
- 
C 
Sector 
10 
information 
prior 
Execution 
Head 
retracted 
to 
Track 
0 


W 
H 
Command 
execution 


SENSE 
INTERRUPT 
STATUS 
W 
R 


W 
N 
Command 
W 
0 
0 
0 
0 
1 
0 
0 
0 
Command 
Codes 


W 
EDT 


Status 
inlormation 
at 
the 
end 
W 
GPL 
Result 
R 
STO----- 


W 
5TP 
R 
PCN 
01 seek· operatiOn 
about 
the 
FOC 


Data-compared 
between 
the 


SPECIFY 


Execution 


FDD 
and 
main-system 
Command 
W 
0 
0 
0 
0 
0 
0 
, 
, 
Command 
Codes 


Status 
iniormation 
alter 
W 
SRT 
•. .• 
HUT 


Result 
R 
5TO----- 
W 
HLT 
.. NO 
R 
ST' 
Command 
execution 


R 
ST2 
SENSE 
DRIVE 
STATUS 


R 
C 
Sector 
10 
information 
litter 
Command 
W 
0 
0 
0 
0 
0 , 
0 
0 
Command 
~odes 
R 
H 
Command 
ellecution 
X 
X 
X 
HD 
US, 
uso 
R 
R 
W 
X 
X 


R 
N 
Result 
R 
ST' 
Status 
information 
about 
Foo 


SCAN 
HIGH 
OR 
eaUAL 
SEE 
I;< 


Command 
W 
MT 
MF 
SK , 
, , 
0 
, 
Command 
Codes 
Command 
W 
0 
0 
0 
0 
, , 
, 
, 
Command 
Codes 
W 
X 
X 
X 
X 
X 
HD 
U51 
uso 


W 
X 
X 
X 
X 
X 
HD 
U51 
uso 


W 
C 
Sector 
10 
information 
prior 
W 
NCN---- 
W 
H 
Command 
ellecution 


W 
R 
Ellecution 
Head 
is positioned 
over 


W 
N 
proper 
Cylinder 
on 


W 
EDT 
Disket1e 


W 
GPL 


W 
-----STP 


INVAL.ID 


Execution 
Data-compared 
between 
the 
Command 
W 
Invalid 
Codes 
Invalid 
Command 
Codes 
F DO 
and 
main-system 
lNoOp 
- 
FOC 
goes 
into 


R 
ST0 
Status 
information 
alter 
Standby 
State I 


Result 


R 
ST, 
Command 
execution 
Result 
R 
ST0 
ST 
0" 
80 
R 
ST 
2 
(6) 


R 
C----- 
Sector 
10 
information 
after 


R 
----H 
Command 
execution 


R 
R 


R 
N 


FUNCTIONAL 
DESCRIPTION 
OF COMMANDS 


Read Data 
A set of nine (9) byte words are required to place the FOC 
into the Read Data Mode. After the Read Data command 
has been 
issued 
the FOC loads the head 
(if it is in the 


unloaded 
state), 
waits the specified 
head settling 
time 


(defined 
in the Specify 
Command), 
and begins reading 
10 


Address Marks and 10 fields. When the current sector num- 
ber ("R") stored in the 10 Register (lOR) compares 
with the 


sector number 
read off the diskette, 
then the FOC outputs 


data (from the data field) byte-to-byte 
to the main system 


via the data bus. 
After completion 
of the read operation 
from the current sec- 


tor, the Sector Number is incremented 
by one, and the data 


from the next sector is read and output on the data bus. This 
continuous 
read function 
is called 
a "Multi-Sector 
Read 


Operation." 
The Read Data Command 
may be terminated 


by the receipt 
of a Terminal 
CouJl!....§lgnal. TC should 
be 


issued at the same time that the OACK for the last byte of 
data is sent. Upon receipt of this signal, the FOC stops out- 
putting data to the processor, 
but will continue 
to read data 


from the current 
sector, check 
CRC (Cyclic 
Redundancy 


Count) 
bytes, and then at the end of the sector terminate 


the Read Data Command. 


The amount 
of data which 
can be handled 
with a single 


command 
to the FOC depends 
upon MT (multi-track), 
MF 


(MFM/FM), 
and N (Number of Bytes/Sector). 
Table 1 below 


shows the Transfer Capacity. 


Multi- Track 
MFM/FM 
Bytes/Sector 
Maximum 
Transfer 
Capacity 
Final Sector 


MT 
MF 
N 
(ByteS/Sector) 
(Number 
of 
Read 
Sectors) 
from 
Diskette 


0 
0 
00 
(128) (26) = 
3,328 
26 at Side 0 


0 
1 
01 
(256) (26) = 
6,656 
or 26 at Side 1 
1 
0 
00 
(128) (52) = 
6,656 
26 at Side 1 
1 
1 
01 
(256) (52) = 13,312 


0 
0 
01 
(256)(15) = 
3,840 
15 at Side 0 
0 
1 
02 
(512)(15) = 
7,680 
or 15 at Side 1 
1 
0 
01 
(256) (30) = 
7,680 
15 at Side 1 
1 
1 
02 
(512) (30) = 15,360 
0 
0 
02 
(512)(8) 
= 
4,096 
8at SideO 
0 
1 
03 
(1024) (8) 
= 
8,192 
or8at 
Side 1 
1 
0 
02 
(512) (16) = 
8,192 
8 at Side 1 
1 
1 
03 
(1024)(16) = 16,384 


For more information, please consult: Technical Note 6.6 (Programming the FDC 765A, 9266, 9267, 9268) 
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The "multi-track" 
function (MT) allows the FDC to read data 
from both sides of the diskette. For a particular cylinder, data 
will be transferred 
starting at Sector 1, Side 0 and complet- 


ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function 
pertains 
to only one cylinder 
(the same 


track) on each side of the diskette. 


When 
N = 0, the DTL defines 
the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
data length in a Sector, the data beyond DTL in the Sector, 
is not sent to the Data Bus. The FDC reads (internally) 
the 


complete 
Sector performing 
the CRC check, and depend- 


ing upon the manner 
of command 
termination, 
may per- 
form a Multi-Sector 
Read Operation. 
When N is non-zero, 


then 
DTL 
has 
no 
meaning 
and 
should 
be set to FF 


Hexidecimal. 


At the completion 
of the Read Data command, 
the head is 


not unloaded 
until after Head Unload Time Interval (speci- 


fied in the Specify Command) 
has elapsed. 
If the processor 
issues another command 
before the head unloads then the 
head settling 
time 
may be saved 
between 
subsequent 
reads. This time out is particularly 
valuable when a diskette 


is copied from one drive to another. 


If the FDC detects the Index Hole twice without finding the 
right sector, (indicated 
in "R"), 
then the FDC sets the ND 


(No Data) flag in Status Register 
1 to a 1 (high), and termi- 
nates the Read Data Command. 
(Status Register 0 also has 


bits 7 and 6 set to 0 and 1 respectively.) 


After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected 
(incorrect 


CRC in ID field), the FDC sets the DE (Data Error) flag in 
Status Register 
1 to a 1 (high), and if a CRC error occurs in 


the Data Field the FDC also sets the DD (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. 
(Status Register 0 also has bits 


7 and 6 set to 0 and 1 respectively.) 


If the FDC reads a Deleted 
Data Address 
Mark off the dis- 


kette, and the SK bit (bit D5 in the first Command 
Word) is 


not set (SK = 0), then the FDC sets the CM (Control Mark) 
flag in Status Register 
2 to a 1 (high), and terminates 
the 


Read Data Command, 
after reading all the data in the Sec- 


tor. If SK = 1, the FDC skips the sector with the Deleted 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1. 
During disk data transfers 
between 
the FDC and the pro- 


cessor, via the data bus, the FDC must be serviced 
by the 


processor 
every 27 f.lSin the FM Mode, and every 13 f.ls in 


the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status 
Register 
1 to a 1 (high), 
and terminates 
the Read 


Data Command. 
If the processor 
terminates 
a read (or write) operation 
in the 


FDC, 
then 
the 
ID Information 
in the 
Result 
Phase 
is 


dependent 
upon the state of the MT bit and EOT byte. Table 


2 shows the value for C, H, R, and N, when the processor 
terminates 
the Command. 


Final Sector 
10Information 
at Result 


Transferred to 
Phase 
MT 
HO 
Processor 
C 
H 
R 
N 


0 
Less than EOT 
NC 
NC 
R + 1 
NC 


0 
Equal to EOT 
C + 1 
NC 
R = 01 
NC 


0 
1 
Less than EOT 
NC 
NC 
R + 1 
NC 


1 
Equal to EOT 
C + 1 
NC 
R = 01 
NC 


0 
Less than EOT 
NC 
NC 
R + 1 
NC 


0 
Equal to EOT 
NC 
LSB 
R = 01 
NC 


0 
1 
Less than EOT 
NC 
NC 
R + 1 
NC 


1 
Equal to EOT 
C + 1 
LSB 
R = 01 
NC 


Notes 
NC (No Change): The same value as the one at the 
beginning of command execution. 
2 LSB (Least Significant Bit): The least significant bit of 


H is complemented. 


Write Data 
A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command 
has been 


issued the FDC loads the head (if it is in the unloaded state), 
waits 
the specified 
Head 
Settling 
Time 
(defined 
in the 


Specify Command), 
and begins reading ID Fields. When all 


four bytes loaded during the command 
(C, H, R, N) match 
the four bytes of the ID field from the diskette, the FDC takes 
data from the processor 
byte-by-byte 
via the data bus, and 


outputs 
it to the FDD. 


After writing data into the current sector, the Sector Number 
stored in "R" is incremented 
by one, and the next data field 


is written 
into. The FDC continues 
this "Multi-Sector 
Write 


Operation" 
until the issuance 
of a Terminal Count signal. If 


a Terminal Count signal is sent to the FDC it continues 
writ- 


ing into the current sector to complete 
the data field. If the 


Terminal Count signal is received while a data field is being 
written then the remainder 
of the data field is filled with 00 


(zeros). 
The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect 
CRG) 


in one of the ID Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. 
(Status Register 0 also has bits 7 and 6 set to 0 


and 1 respectively.) 
The Write Command 
operates 
in much the same manner 


as the Read Command. 
The followihg 
items are the same, 


and one should refer to the Read Data Command for details: 
• Transfer Capacity 
• EN (End of Cylinder) 
Flag 


• ND (No Data) Flag 
• Head Unload Time Interval 
• ID Information 
when the processor 
terminates 
command 


(see Table 2) 
• Definition 
of DTL when N = 0 and when N '" 0 
In the Write Data mode, data transfers between the proces- 
sor and FDC, via the Data Bus, must occur every 27 f.ls in 
the FM mode, and every 13 f.ls in the MFM mode. If the time 
interval between 
data transfers 
is longer than this then the 


FDC sets the OR (Over Run) flag in Status Register 
1 to a 


1 (high), and terminates 
the Write Data Command. 
(Status 


Register 0 also has bit 7 and 6 set to 0 and 1 respectively.) 


Write Deleted 
Data 
This command 
is the same as the Write Data Command 


except a Deleted Data Address Mark is written at the begin- 
ning of the Data Field instead of the normal Data Address 
Mark. 


Read Deleted 
Data 
This command 
is the same as the Read Data Command 


except that when the FDC detects a Data Address 
Mark at 


the beginning 
of a Data Field and SK = 0 (low), it will read 


all the data in the sector and set the CM flag in Status Reg- 
ister 2 to a 1 (high), and then terminate 
the command. 
If SK 


= 1, then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 


Read A Track 
This command 
is similar to READ DATA Command 
except 


that this is a continuous 
READ operation 
where the entire 
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Format! 
Sector 
Size 
N 
SC 
GPlCD 
GPl<?)<Jl 


Transfer 
Rate 
8" Standard 
Floppy 


128 bytes/sector 
00 
1A 
07 
18 


256 
01 
OF 
OE 
2A 


FM Mode 
512 
02 
08 
18 
3A 


250 K8/s 
1024 
03 
04 
47 
8A 


2048 
04 
02 
C8 
FF 


4096 
05 
01 
C8 
FF 


256 
01 
1A 
OE 
36 


512 
02 
OF 
18 
54 


MFM 
1024 
03 
08 
35 
74 


Mode® 
2048 
04 
04 
99 
FF 


500 K8/s 
4096 
05 
02 
C8 
FF 


8192 
06 
01 
C8 
FF 
5'1." 
Minifloppy 


128 bytes/sector 
00 
12 
07 
09 


128 
00 
10 
10 
19 


FM Mode 
256 
01 
08 
18 
30 


125 KB/s 
512 
02 
04 
46 
87 


1024 
03 
02 
C8 
FF 


2048 
04 
01 
C8 
FF 


256 
01 
12 
OA 
OC 


256 
01 
10 
20 
32 


MFM 
512 
02 
08 
2A 
50 


Mode® 
1024 
03 
04 
80 
FO 


250 K8/s 
2048 
04 
02 
C8 
FF 


4096 
05 
01 
C8 
FF 


3Y2" Sony 
Micro 
Floppydisk® 


128 bytes/sector 
0 
OF 
07 
18 


FM Mode 
256 
1 
09 
OE 
2A 


125 K8/s 
512 
2 
05 
18 
3A 


MFM 
256 
1 
OF 
OE 
36 


Mode® 
512 
2 
09 
18 
54 


250 K8/s 
1024 
3 
05 
35 
74 


Notes: 
CDSuggested 
values 
of GPl 
in Read or Write com- 


mands 
to avoid splice 
point between 
data field and 


10 field of contiguous 
sections. 


<?)Suggested 
values 
of GPl 
in format 
command. 


<Jl All values 
except 
sector 
size and hexidecimal. 


® In MFM mode 
FOC cannot 
perform 
a Read/Write/ 


format 
operation 
with 128 bytes/sector. 
(N = 00) 


data field from each of the sectors 
are read. Immediately 


after encountering 
the INDEX HOLE, the FDC starts read- 


ing all data fields on the track, as continuous 
blocks of data. 


If the FDC finds an error in the ID or DATA CRC check bytes, 
it continues 
to read data from the track. The FDC compares 
the ID information 
read from each sector 
with the value 


stored in the IDR, and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. 
Multi-track 
or skip 


operations 
are not allowed with this command. 


This command 
terminates 
when number of sectors read is 


equal to EaT. If the FDC does not find an ID Address Mark 
on the diskette after it encounters 
the INDEX HOLE for the 


second 
time, then it sets the MA (missing 
address 
mark) 
flag in Status 
register 
1 to a 1 (high), 
and terminates 
the 


command. 
(Status 
Register 0 has bits 7 and 6 set to 0 and 


1 respectively.) 
ReadlD 
The READ ID Command 
is used to give the present 
posi- 


tion of the recording 
head. The FDC stores the values from 


the first ID field it is able to read. If no proper 
ID Address 


Mark is found on the diskette, 
before the INDEX HOLE is 


encountered 
for the second 
time then the MA (Missing 


Address 
Mark) flag in Status Register 
1 is set to a 1 (high), 


and if no data is found then the ND (No Data) flag is also set 
in Status 
Register 
1 to a 1 (high). 
The command 
is then 


terminated 
with Bits 7 and 6 in Status 
Register 
0 set to 0 


and 1 respectively. 
During this command 
there is no data 


transfer 
between 
FDC 
and the 
CPU 
except 
during 
the 


result phase. 
Format A Track 
The Format Command 
allows an entire track to be format- 


ted. After the INDEX HOLE is detected, 
Data is written on 


the Diskette; 
Gaps, 
Address 
Marks, 
ID Fields 
and Data 


Fields, all per the IBM System 34 (Double 
Density) or Sys- 


tem 3740 (Single 
Density) 
Format are recorded. 
The par- 


ticular format which will be written is controlled by the values 
programmed 
into N (number of bytes/sector), 
SC (sectors/ 


cylinder), 
GPL (Gap Length), 
and D (Data Pattern) which 


are supplied 
by the processor 
during the Command 
Phase. 


The Data Field is filled with the Byte of data stored in D. TheI 
ID Field for each sector is supplied 
by the processor; 
that 


is, four data requests 
per sector are made by the FDC for 


C (Cylinder 
Number), 
H (Head Number), 
R (Sector 
Num- 


ber) and N (Number 
of Bytes/Sector). 
This allows the dis- 


kette to be formatted 
with nonsequential 
sector numbers, 


if desired. 


The processor 
must send new values for C, H, R, and N to 


the FDC 9268 for each sector on the track. If FDC is set for 
DMA mode, it will issue 4 DMA requests 
per sector. If it is 


set for interrupt mode, it will issue four interrupts 
per sector 


and the processor 
must supply C, H, Rand N load for each 


sector. The contents of the R register is incremented 
by one 


after each sector is formatted, 
thus, the R register contains 


a value of R when it is read during the Result Phase. This 
incrementing 
and formatting 
continues 
for the whole track 


until the FDC encounters 
the INDEX HOLE for the second 


time, whereupon 
it terminates 
the command. 


If a FAULT signal is received from the FDD at the end of a 
write operation, 
then the FDC sets the EC flag of Status 


Register 0 to a 1 (high), and terminates 
the command 
after 


setting bits 7 and 6 of Status Register 0 to 0 and 1 respec- 
tively. Also the loss of a READY signal at the beginning 
of 


a command 
execution 
phase causes bits 7 and 6 of Status 


Register 0 to be set to 0 and 1 respectively. 


Table 3 shows the relationship 
between 
N, SC, and GPL for 


various sector sizes. 


Scan Commands 
The SCAN Commands 
allow data which is being read from 
complement 
arithmetic 
is used for comparison 
(FF = larg- 
the diskette 
to be compared 
against 
data which 
is being 
est number, 00 = smallest 
number). 
After a whole sector 
supplied from the main system. The FDC compares the data 
of data is compared, 
if the conditions 
are not met, the sector 
on a byte-by-byte 
basis, and looks for a sector of data which 
number is incremental 
(R + STP ..• R), and the scan oper- 
meets the conditions 
of DFDO = DpROCESSOR, 
DFDO 
,,; DpROCES. ation is continued. 
The scan operation 
continues 
until one 
SOR,or DFOO 
"" DpROCESSOR' 
The hexidecimal 
byte of FF either 
of the following conditions occur; the conditions for scan are 
from memory 
or from FDD can be used as a mask byte 
met (equal, 
low, or high), the last sector 
on the track 
is 
because 
it always meet the condition 
of the compare. 
Ones 
reached 
(EaT), 
or the terminal 
count Signal is received. 
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nales me "can 
lJommano. 
ITme conOlllons TOrscan are 1101 
met between the starting sector (as specified 
by R) and the 
last sector on the cylinder (EaT), 
then the FDC sets the SN 


(Scan Not Satisfied) 
flag of Status Register 2 to a 1 (high), 


and terminates 
the Scan Command. 
The receipt of a TER- 
MINAL 
COUNT 
signal 
from the Processor 
or DMA Con- 
troller 
during 
the scan 
operation 
will cause 
the FDC to 


complete 
the comparison 
of the particular 
byte which is in 
process, and then to terminate the command. Table 4 shows 
the status 
of bits SH and SN under various conditions 
of 


SCAN. 


COMMAND 
STATUS 
REGISTER 
2 
COMMENTS 
BIT2 
= SN 
BIT3 
= SH 


Scan Equal 
0 
1 
DFDo = 
DpRocEssoR 


1 
0 
DFDO 
j. 
DpROCES50R 


Scan Low or 
0 
1 
DFDo = 
DpRocEssoR 


Equal 
0 
0 
DFDo < DpRocEssoR 


1 
0 
DFDo > DpRocEssoR 


Scan High or 
0 
1 
DFDD 
= 
DpRocEssoR 


0 
0 
DFDo > DpAocEssoR 
Equal 
1 
0 
DFDo < DpAocEssoR 


If the FDC encounters 
a Deleted Data Address Mark on one 


of the sectors 
(and SK = 0), then it regards the sector as 


the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 
2 to a 1 (high) and terminates 
the com- 
mand. If SK = 1, the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1), the FDC sets the CM (Control Mark) flag of Sta- 
tus Register 
2 to a 1 (high) in order to show that a Deleted 


Sector had been encountered. 


When either the STP (contiguous 
sectors 
= 01, or alter- 


nate sectors 
= 02 sectors are read) or the MT (Multi-Track) 


are programmed, 
it is necessary 
to remember 
that the last 


sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors 
are numbered 
sequentially 
1 through 


26, and we start the Scan Command 
at sector 21 ; the fol- 
lowing will happen. 
Sectors 21,23 and 25 will be read, then 


the next sector (26) will be skipped 
and the Index Hole will 


be encountered 
before the EaT value of 26 can be read. 


This will result in an abnormal 
termination 
of the command. 
If the EaT 
has been set at 25 or the scanning 
started 
at 


sector 20, then the Scan Command 
would be completed 
in 


a normal manner. 


During the Scan Command 
data is supplied 
by either the 


processor 
or DMA Controller 
for comparison 
against 
the 


data read from the diskette. 
In order to avoid having the OR 


(Over Run) flag set in Status Register 
1, it is necessary 
to 


have the data available 
in less than 27 I.J.s(FM Mode) or 13 


I.J.s(MFM 
Mode). 
If an Overrun 
occurs the FDC ends the 


command 
with bits 7 and 6 of Status Register 0 set to 0 and 


1, respectively. 


Seek 
The read/write 
head within the FDD is moved from cylinder 


to cylinder 
under control of the Seek Command. 
FDC has 


four independent 
Present Cylinder Registers for each drive. 
They are clear only after Recalibrate 
command, 
The FDC 


compares 
the PCN (Present Cylinder Number) which is the 


current 
head position 
with the NCN (New Cylinder 
Num- 


ber), 
and 
if there 
is a difference 
performs 
the following 


operation: 
PCN < NCN: Direction 
signal to FDD set to a 1 (high), 


and Step Pulses are issued. (Step In.) 


PCN > NCN: Direction signal to FDDsettoaO 
(low), and 
Step Pulses are issued, (Step Out.) 


eacn "Iep 
r-ulse 
IS Issueo l'oIlJl'lISCUIIIlJdleu d\,Jdll"" rvl'l, 


and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register 0 to a 1 (high), and the command 
is ter- 


minated. 
At this point FDC interrupt 
goes high. Bits DBo- 


DB3 in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command, 


During the Command 
Phase of the Seek operation the FDC 


is in the FDC BUSY state, but during the Execution 
Phase 


it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another 
Seek Command 
may be issued, and 


in this manner 
parallel 
seek operations 
may be done on 


up to 4 Drives at once. No other command 
could be issued 


for as long as FDC is in process of sending 
Step Pulses to 


any drive. 
If an FDD is in a NOT READY state at the beginning 
of the 


command 
execution 
phase or during the seek operation, 


then the NR (NOT READY) flag is set in Status Register 0 
to a 1 (high), and the command 
is terminated 
after bits 7 


and 6 of Status Register 0 are set to 0 and 1 respectively. 
If the time to write 3 bytes of seek command 
exceeds 
150 


I.J.S,the timing between first two Step Pulses may be shorter 
than set in the Specify command 
by as much as 1 ms, 


Recalibrate 
The function 
of this command 
is to retract the read/write 


head within the FDD tothe Track 0 position. The FDC clears 
the contents 
of the PCN counter, and checks the status of 


the Track 0 signal from the FDD. As long as the Track 0 sig- 
nal is low, the Direction 
signal 
remains 
0 (low) and Step 


Pulses are issued. When the Track 0 signal goes high, the 
SE (SEEK END) flag in Status Register 0 is set to a 1 (high) 
and the command 
is terminated. 
If the Track 0 signal is still 


low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT 
CHECK) flags 


of Status Register 0 to both 1s (highs), and terminates 
the 


command 
after bits 7 and 6 of Status Register 0 is set to 0 


and 1 respectively, 


The ability 
to do overlap 
RECALIBRATE 
Commands 
to 


multiple 
FDDs 
and 
the 
loss 
of the 
READY 
signal, 
as 


described 
in the 
Seek 
Command, 
also 
applies 
to the 


RECALIBRATE 
Command. 


Sense Interrupt Status 
An Interrupt 
signal is generated 
by the FDC for one of the 


following 
reasons: 


1. Upon entering 
the Result Phase of: 


a, Read Data Command 
b, Read a Track Command 
c, Read ID Command 
d. Read Deleted 
Data Command 
e. Write Data Command 
f. Format a Cylinder 
Command 
g. Write Deleted 
Data Command 
h. Scan Commands 
2. Ready Line of FDD changes 
state 
3. End of Seek or Recalibrate 
Command 


4. During Execution 
Phase in the NON-DMA 
Mode 


Interrupts 
caused 
by reasons 
1 and 4 above occur during 


normal command 
operations 
and are easily discernible 
by 


the processor. 
During 
an execution 
phase 
in NON-DMA 


Mode, DB5 in Main Status Register is high. Upon entering 
Result Phase this bit gets clear, Reason 
1 and 4 does not 


require Sense Interrupt 
Status command. 
The interrupt 
is 


cleared 
by reading/writing 
data to FDC. Interrupts 
caused 


by reasons 
2 and 3 above may be uniquely 
identified 
with 


the aid of the Sense Interrupt Status Command. 
This com- 


550 


mand when issued resets the interrupt 
signal and via bits 
5, 6, and 7 of Status Register 0 identifies 
the cause of the 
interrupt. 


SEEK 
INTERRUPT 


END 
CODE 


BITs5 
BIT6 
BIT7 
CAUSE 


a 
1 
1 
Ready Line changed state, either 
polarity 
1 
a 
a 
Normal Termination of Seek or 
Recalibrate Command 
1 
1 
a 
Abnormal Termination of Seek or 
Recalibrate Command 


Neither the Seek or Recalibrate 
Command 
have a Result 


Phase. Therefore, 
it is mandatory 
to use the Sense Inter- 


rupt Status Command 
after these commands 
to effectively 


terminate them and to provide verification of where the head 
is positioned 
(PCN). 


Issuing Sense Interrupt Status Command 
without interrupt 


pending 
is treated as an invalid command 


Specify 
The Specify Command 
sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution 
Phase of one of the 
Read Write Commands 
to the head unload state. This timer 
is programmable 
from 16 to 240 ms in increments 
of 16 ms 
(01 = 16 ms, 02 = 32 ms ... OF = 240 ms).The SRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable 
from 1 to 16 ms in incre- 


ments of 1 ms (F = 1 ms, E = 2 ms, 0 = 3 ms, etc.). The 
HLT (Head Load Time) defines the time between when the 
Head 
Load signal 
goes 
high and when the Read Write 
operation 
starts. This timer is programmable 
from 2 to 254 


ms in increments 
of 2 ms (01 - 
2 ms, 02 = 4 ms, 03 = 6 


ms. 
7F = 254 ms). 


The time intervals mentioned 
above are a direct function of 


the clock (CLK on pin 22). Times indicated above are for an 
16 MHz clock, ilthe clock was reduced to 8 MHz (mini -floppy 
application) 
then all time intervals are increased 
by a factor 


of 2. 


The choice of OMA or NON-OMA 
operation 
is made by the 


NO (NON-OMA) 
bit. When this bit is high (NO = 1) the NON- 


OMA mode is selected, 
and when NO = 0 the OMA mode 
is selected. 


Sense Drive Status 
This command 
may be used by the processor 
whenever 
it 
wishes to obtain the status of the FOOs. Status Register 3 
contains 
the Drive Status 
information 
stored 
internally 
in 


FOC registers. 


Invalid 
If an invalid command 
is sent to the FOC (a command 
not 


defined 
above), then the FOC will terminate 
the command 
after bits 7 and 6 of Status 
Register 
0 are set to 1 and 0 


respectively. 
No interrupt 
is generated 
by the FOC 9268 


during this condition. 
Bit 6 and bit 7 (010 and ROM) in the 


Main Status 
Register 
are both high ("1 ") indicating 
to the 


processor 
that the FOG 9268 is in the Result Phase and the 
contents 
of Status Register 
0 (STO) must be read. When 


the processor 
reads Status Register 0 it will find an 80 hex 


indicating 
an invalid command 
was received. 


A Sense 
Interrupt 
Status Command 
must be sent after aI 


Seek or Recalibrate 
Interrupt, 
otherwise 
the FOC will con- 
sider the next command 
to be an Invalid Command. 
- 
In some applications 
the user may wish to use this com- 
mand as a No-Op command, 
to place the FOC in a standby 
or no operation 
state. 


BIT 


NO. 
NAME 
SYMBOL 
DESCRIPTION 


0, 
Interrupt Code 
IC 
0, = a and 0, = a 
Normal Termination of Command, (NT). Command was completed 
0, 
and properly executed. 
0, = a and 0, = 1 
Abnormal Termination of Command, (AT). 
Execution of Command was started, but was not successfully 
completed. 
0, = 1 and 0, = a 
Invalid Command issue, (IC). Command which was issued was 
never started. 
0, = 1 and 0, = 1 
Abnormal Termination because during command execution the 
ready siQnalfrom FDD chanQed state. 


0, 
Seek End 
SE 
When the FDC completes the SEEK Command, this flag is set to 
1 (high). 
0, 
Equipment Check 
EC 
If a fault Signal is received from the FDD, or if the Track a Signal 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 


03 
Not Ready 
NR 
When the FDD is in the not-ready state and a read or write 
command is issued, this flag is set. If a read or write command is 
issued to Side 1of a single sided drive, then this flag is set. 


0, 
Head Address 
HD 
This flaQis used to indicate the state of the head at Interrupt. 


0, 
Unit Select 1 
US1 
These flags are used to indicate a Drive Unit. Number at Interrupt. 
Do 
Unit Select a 
usa 


BIT 
I 


NO. 
NAME 
SYMBOL 
DESCRIPTION 
STATUS 
REGISTER 
1 (CONT.) 
0, 
End of Cylinder 
EN 
When the FDC tries to access 
a Sector 
beyond 
the final Sector 
of a 
Cylinder, 
this flag is set. 


0, 
Not used. This bit is always 0 (low). 
05 
Data Errror 
DE 
When the FDC detects 
a CRC error in either the 10field or the data 
field, this flag is set. 


0, 
Over Run 
OR 
If the FDC is not serviced 
by the main-systems 
during 
data 
transfers, 
within 
a certain 
time interval, 
this flag is set. 


OJ 
Not used. This bit always 0 (low). 
0, 
No Data 
NO 
During 
execution 
of READ 
DATA, WRITE 
DELETED 
DATA or 
SCAN Command, 
if the FDC cannot 
find the Sector 
specified 
in the 


lOR Register, 
this flag is set. 


During executing 
the READ 10Command, 
if the FDC cannot 
read 
the 10field without 
an error, then this flag is set. 


During the execution 
of the READ 
A Cylinder 
Command, 
if the 
starting 
sector cannot 
be found, 
then this flag is set. 


0, 
Not Writable 
NW 
During 
execution 
of WRITE 
DATA, WRITE 
DELETED 
DATA or 


Format 
A Cylinder 
Command, 
If the FDC detects 
a write 
protect 
signal from the FDD, then this flag is set. 


Do 
Missing 
Address 
Mark 
MA 
If the FDC cannot 
detect 
the 10Address 
Mark after encountering 
the index hole twice, 
then this flag is set. 


If the FDC cannot 
detect 
the Data Address 
Mark or Deleted 
Data 
Address 
Mark, this flag 
IS set. Also at the same time, the MD 
(Missing 
Address 
Mark in Data Field) of Status 
Register 
2 is set. 


STATUS 
REGISTER 
2 
0, 
Not used. This bit is always 0 (low). 
0, 
Control 
Mark 
CM 
During 
executing 
the READ 
DATA or SCAN 
Command, 
if the FDC 
encounters 
a sector which 
contains 
a Deleted 
Data Address 
Mark, 


this flag is set. 


05 
Data Error in Data Field 
DO 
If the FDC detects 
a CRC error in the data field then this flag is set. 


0, 
Wrong 
Cylinder 
WC 
This bit is related 
with the NO bit, and when the contents 
of C on the 
medium 
is different 
from that stored 
in the lOR, this flag is set. 


OJ 
Scan 
Equal 
Hit 
SH 
During 
execution, 
the SCAN Command, 
if the condition 
of "equal" 


is satisfied, 
this flag is set. 


0, 
Scan Not Satisfied 
SN 
During 
executing 
the SCAN Command, 
if the FDC cannot 
find a 
Sector 
on the cylinder 
which 
meets the condition, 
then this flag 
is set. 


0, 
Bad Cylinder 
BC 
This bit is related 
with the NO bit, and when 
the content 
of C on the 
medium 
is different 
from that stored 
in the lOR and the content 
of C 
is FF, then this flag is set. 


Do 
Missing 
Address 
Mark 
MD 
When data is read from the medium, 
if the FDC cannot 
find a Data 
in Data Field 
Address 
Mark or Deleted 
Data Address 
Mark, then this flag is set. 


STATUS 
REGISTER 
3 
0, 
Fault 
FT 
This bit is used to indicate 
the status 
of the Fault signal 
from 
the FDD. 
0, 
Write Protected 
WP 
This bit is used to indicate 
the status 
of the Write Protected 
signal 
from the FDD. 
05 
Ready 
RY 
This bit is used to indicate 
the status 
of the Ready signal 
from 
the FDD 


0, 
Track 0 
TO 
This bit is used to indicate 
the status 
of the Track 0 signal 
from 
the FDD. 


OJ 
Two Side 
TS 
This bit is used to indicate 
the status 
of the Two Side signal 
from 
the FDD. 
0, 
Head Address 
HD 
This bit is used to indicate 
the status 
of Side Select 
signal 
to the FDD. 
0, 
Unit Select 
1 
US 1 
This bit is used to indicate 
the status 
of the Unit Select 
1 signal 
to the FDD. 


Do 
Unit Select a 
usa 
This bit is used to indicate 
the status 
of the Unit Select a signal 
to the FDD. 


PROCESSOR 
INTERFACE 
During Command 
or Result Phases the Main Status Reg- 
ister (described 
earlier) 
must be read by the processor 
before each byte of information 
is written into or read from 
the Data Register. After each byte of data read or written to 
Data Register, CPU should wait for 12 f.l.sbefore reading 
MSR. Bits 06 and 07 in the Main Status Register must be 
in a 0 and 1 state, respectively, 
before each byte of the com- 
mand word may be written 
in the FOC 9268. Many of the 
commands 
require multiple bytes, and as a result the Main 
Status Register must be read prior to each byte transfer to 
the FOC 9268 
On the other hand, during the Result Phase, 
06 and 07 in the Main Status Register must both be 1's (06 
= 1 and 07 = 1) before reading each byte from the Data 
Register. 
Note, this reading 
of the Main Status 
Register 
before each byte transfer 
to the FOC 9268 is required 
in 
only the Command 
and Result Phases, and NOT during the 
Execution 
Phase. 
During the Execution Phase, the Main Status Register need 
not be read. If the FOC 9268 is in the NON-OMA Mode, then 
the receipt of each data byte (if FOC 9268 is reading data 
from FOO) is indicated 
by an Interrupt signal on pin 18 (INT 


= 1). T~eneration 
of a Read signal (RO = 0) or Write 
signal (WR = 0) will reset the Interrupt as well as output the 
Data onto the Data bus. If the processor 
cannot 
handle 
Interrupts fast enough 
(every 13 f.l.s)for MFM and 27 f.l.Sfor 
FM mode, then it may poll the Main Status Register and then 
bit 07 (ROM) functions just like the Interrupt signal. If a Write 
Command 
is in process 
then the WR signal performs 
the 
reset to the Interrupt signal. 


If the FOC 9268 is in the OMA Mode, no Interrupts are gen- 
erated during the Execution 
Phase. The FOC 9268 gener- 


ates ORO's 
(OMA 
Requests) 
when each byte of data is 
available. The OMA Controller 
responds to this request with 
both a OACK = 0 (OMA Acknowledge) 
and a RO = 0 (Read 
sJ9..o..gl).When 
the OMA Acknowledge 
signal 
goes 
low 


(OACK = 0) then the OMA Request is reset (ORO = 0). If 
a Write Command 
has been programmed 
then a WR signal 
will appear 
instead 
of RD. After the Execution 
Phase has 
been completed 
(Terminal 
Count 
has occurred) 
or EaT 
sector was read/written, 
then an Interrupt will occur (INT = 


1). This signifies 
the beginning 
of the Result Phase. When 
the first byte of data is read during the Result Phase, the 
Interrupt is automatically 
reset (INT = 0). 


It is important 
to note that during the Result Phase all bytes 
shown in the Command Table must be read. The Read Data 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success- 
fully complete 
the Read Data Command. 
The FOC 9268 
will not accept a new command 
until all seven bytes have 
been read. Other commands 
may require fewer bytes to be 
read during the Result Phase. 
The FOC 9268 contains 
five 
Status 
Registers. 
The Main 
Status Register mentioned 
above may be read by the pro- 
cessor at any time. The other four Status Registers 
(STO, 


ST1, ST2, and ST3) are only available 
during the Result 
Phase, and may be read only after completing 
a command. 


The particular 
command 
which has been executed 
deter- 
mines how many of the Status Registers will be read. 
The bytes of data which are sent to the FOC 9268 to form 
the Command 
Phase, and are read out of the FOC 9268 in 
the Result 
Phase, 
must occur 
in the order shown 
in the 
Command 
Table. That is, the Command 
Code must be sent 
first and the other bytes sent in the prescribed 
sequence. 


No foreshortening 
of the Command 
or Result Phases are 
allowed. After the last byte of data in the Command 
Phase 
is sent to the FOC 9268, the Execution Phase automatically 
starts. In a similar fashion, when the last byte of data is read 
out in the Result 
Phase, 
the command 
is automatically 
ended and the FOC 9268 is ready for a new command. 


POLLING FEATURE OF THE FOC 9268 
After the Specify command 
has been sent to the FOC 9268, 


the Unit Select line USO and US1 will automatically 
go into 
a polling mode. In between commands 
(and between step 
pulses in the SEEK command) 
the FOC 9268 polls all four 
FOO's looking for a change 
in the Ready line from any of 
the drives. If the Ready line changes 
state (usually due to 
a door opening or closing) then the FOC 9268 will generate 
an interrupt. 
When 
Status 
Register 
0 (STO) is read (after 
Sense Interrupt 
Status is issued), 
Not Ready (NR) will be 
indicated. 
The polling of the Ready line by the FOC 9268 
occurs continuously 
between commands, 
thus notifying the 
processor which drives are on or off line. Each drive is polled 
every 1.024 ms except during the Read/Write 
commands. I 


Inputs are driven at 2.4V for a logic 
and Q,45V for a logic "0:" Timing measure· 
ments are made at 2.QV for a logic 
and a,BV for a logic '0' 


Clocks are dnven at 3,OV for a IOglc"~"' and O.3V for a logic "0," Timing measure- 
ments are made at 2.4V for a logic '" . and O.65V for a logic "0." 


r-r~l,;UfflfJ 
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-A 16 MHz clock is used on the FDC9268. 


-The 
precomp 
specifications 
for the 
FDC9267 
and 


FDC9266 
can be used forthe 
FDC9268 with the following 


qualification. 
Whenever 
the 
precomp 
select 
line P2 is 


active, the FDC9268 
uses the maximum 
precomp 
avail- 


able in that mode (i.e. 375 nsec in the 250 Kb/s mode and 
187.5 nsec in the 500 Kb/s mode). 


375.0 
375.0 
375.0 
375.0 
375.0 
o 
62.5 
125.0 
187.5 
187.5 
187.5 
187.5 
187.5 


ABSOLUTE 
MAXIMUM 
RATINGS' 
Operating Temperature. 
Storage Temperature. . . 
. 
. 


All Output Voltages. . . . 
. 
. 


All Input Voltages ......•... 
. . . .. . . . . . . . . . . . . . . . . . 
. 
. 
Supply Voltage Vee .....•.. 
. . . . . .. . . . 
. •. . . . .. . . . .. 
..•..•..... 
. 
. 


Power Dissipation . . . . . . . .. . .. .. . . . . . . . . . . . . . . . . . . . . . . . 
. 
. 


Ta = 25°C 
'COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 


O°Cto + 70°C 


. - 55°C to + 150°C 
- 0.5 to + 7 Volts 
- 0.5 to + 7 Volts 
- 0.5 to + 7 Volts 


. 
1Watt 


LIMITS 
TEST 


PARAMETER 
SYMBOL 
MIN 
TYPG) 
MAX 
UNIT 
CONDITIONS 
Input Low Voltage 
VIL 
-0.5 
0.8 
V 


Input High Voltage 
V'H 
2.0 
Vee + 0.5 
V 


Output Low Voltage 
VOL 
0.45 
V 
10L = 2.0 mA 


Output High Voltage 
VoH 
2.4 
Vee 
V 
10H = -200 
fJ.A 


Input Low Voltage 
V1L(@l 
-0.5 
0.65 
V 


(CLK + WR Clock) 
Input High Voltage 
V1H1d>l 
2.4 
Vee + 0.5 
V 


(CLK + WR Clock) 
Vee Supply Current 
Ice 
200 
mA 


Input Load Current 
I" 


10 
fJ.A 
V1N = Vcc 
(All Input Pins) 
-10 
fJ.A 
V'N = OV 


High Level Output Leakage Current 
tOH 
10 
fJ.A 
VOUT 
= Vcc 


Low Level Output Leakage Current 
It.OL 
-10 
fJ.A 
VoUT = + 0.45V 


LIMITS 
TEST 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
CONDITIONS 


Clock Input Capacitance 
C'N'~' 
20 
pF 
All Pins Except Pin 


Input Capacitance 
C'N 
10 
pF 
Under Test Tied to 
Output Capacitance 
COUT 
20 
pF 
ACGround 


- 
Clock 
Period 
<!>ey 
60 
62.5 
250 
ns 


Clock Active 
(High, 
Low) 
<I" 
20 
ns 


Clock 
Rise Time 
<b, 
10 
ns 


Clock 
Fall Time 
(1)1 
10 
ns 


A" CS, DACK Set Up Time to RD 1 
TAR 
0 
ns 


A,. CS. DACK Hold Time from RD 
1 
TRA 
0 
ns 


RDWidth 
TRR 
250 
ns 


Data Access 
Time from RD I 
TRo 
200 
ns 
C, = 100pF 


DB to Float Delay Time from RD • 
TOF 
20 
100 
ns 
C, = 100pF 


A,. CS. DACK Set Up Time to WR I 
TAw 
0 
ns 


A,. CS, DACK Hold Time to WR I 
TWA 
0 
ns 


WRWidth 
Tww 
250 
ns 


Data Set Up Time to WR • 
Tow 
150 
ns 


Data Hold Time from WR ' 
Two 
5 
ns 


INT Delay Time from RD . 
TR, 
500 
ns 


INT Delay Time from WR • 
Tw, 
500 
ns 


ORO Cycle Time 
TMCY 
13 
f.lS 


ORO Delay Time from DACK 
1 
TAM 
200 
ns 


TCWidth 
TTc 
20 
cl>CY 


Reset Width 
lAST 
280 
cl>CY 


US,. 
Hold Time to RW,SEEK 
I 
Tus 
12 
f.lS 


SEEK/RW 
Hold Time to LOW 
TSD 
7 
fJ.S 
CURRENT/DIRECTION 
1 


LOW CURRENT/DIRECTION 
Hold 
Time to FAULT 
lOST 
1.0 
fJ.s 
RESET'STEP 
1 
16 MHz Clock 
Period 
US,. 
Hold Time from FAULT RESET/ 
Tsru 
5.0 
fJ.s 
STEP 
f 


STEP Active Time (High) 
TSTP 
6.0 
7.0 
fJ.S 


STEP Cycle Time 
Tsc 
33 
@ 
@ 
fJ.S 


FAULT RESET 
Active Time (High) 
TFR 
8.0 
10 
fJ.S 


US, , Hold Time After SEEK 
Tsu 
15 
fJ.S 


Seek Hold Time from DIR 
Tos 
30 
fJ.S 
16 MHz Clock 
Period 


DIR Hold Time after STEP 
T510 
24 
fJ.S 


Index Pulse Width 
T1DX 
200 
cl>CY 


RD 1 Delay from ORO 
TMR 
800 
ns 


WR 1 Delay from ORO 
TMw 
250 
ns 
16 MHz Clock 
Period 
WE or RD Response 
Time 
TMRW 
12 
f.lS 


from ORO I 


NOTES: 
1 Typical 
values 
for To; 
25°C 
and nominal 
supply 
voltage. 


2 Under 
Software 
Control. 
The range 
is from 1 ms to 16 ms for 500 Kb/s data rates. and 2 to 32 ms for 250 Kb/s data rates 
3 When 
mini is active, 
(pin 21), these 
periods 
are doubled. 


MFM 


PARAMETER 
500 KHz 
250 KHz 
UNITS 


Bit Jitter 
Nominal 
Speed 
±260 
±540 
nsec 
+5% Speed 
±260 
±480 
nsec 
-5% 
Speed 
±320 
±640 
nsec 
Window 
Margin 
Early 
490 
980 
nsec 


Late 
490 
980 
nsec 


I 


I 
I 00 I 
I 
I 
I ~ 
I 00 I 
1__ 
l.'CY---.J 


OR~I--Ir--II 
I 
I 
--.-l 
~fF 


~ 
STABLE 
:JV 
-A: 
f''----- 
----jtusl-- 
---1 tsur- 


RW/SEEK 
If 
I 
~_ 
•.• 
: 
_ 


---jISDt-- 
_IDSr-- 
I 


DIRECTION~~~~~~~~~~=%~~~~~~~~~- 
...-_-_-_-_-_- 
...:~~~~~~~~~~~~ 


IDST--j 
t-- 
~TU---i 


nS_TD 
__ 
•••••lj~ 
------tS-T-P-----.1- 
f--- 
I 
I. 
tsc 
• I 


J---~ r 


TAM--1" I--- 
I 


I< 
I TMCy----r-- 


I 
\-----" 
r===TMRW""------·-~1 


:"-TMW 'WR,---l~ 


'-- 
TMA ,AD, --' 
I 
I 


FL T RESET 


r 
I 


FAULT RESET: 
~ 
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For more information, 
please consult: 
Technical 
Note 6-1 (Digital Data Separation) 


Technical 
Note 6-6 (Programming 
the FOG 765, 9266, 9267, 9268) 
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Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applica- 


tions; consequently 
complete 
information 
sufficient 
for construction 
purposes is not necessarily given. The 


information 
has been carefully checked and IS believed to be entirely reliable. However. no responsibility 
15 


assumed for inaccuracies. Furthermore. such'intormation 
does not convey to the purchaser of the semiconductor 


devices described any license under the patent rights of SMC or others. SMC reserves the right 
to make changes 


at any time in order to improve design and supply the best product 
possible 


STANDARD MICROSYSTEMS 
CORPORATION, 
FDC92C81 


PRELIMINARY 


Self Tuning 
Analog Floppy Disk Data Separator 
(AFDDS) 


D 1 Mb/s, 750, 500, 300, 250 and 


125 Kb/s disk data rates 


D Analog Data Separator 
performs 


complete 
data separation 
for floppy 


disk drives. Separates 
FM or MFM 


encoded 
data. 3%", 5%" and 8" 
compatible. 
D No adjustments 
necessary 


D Provides clock for FDC765A 
D High Performance 
Dual Gain 


Analog Phase Locked Loop 


D Variable Write Precompensation 
D Internal Crystal Oscillator 
D 300 Kb/s with clock frequency 
change and no filter change 


DOn-chip 
VCO 


D Fabricated 
in Low Power CMOS 


D TTL Compatible 
I/O 


D Single + 5V Supply 


P0 


VCOSYNC 
DVCC 
NC 


WDIN 
EARLY 


lATE 


lFIN 
VIR 
AGND 
,-JC 


DGND 
RBT 
PDOUT 


The FDC92C81 
is a high performance 
CMOS 
Dual Gain 


Analog 
Floppy 
Disk 
Data 
Separator 
(AFDDS). 
The 


FDC92C81 
is compatible 
with 3.5", 5.25" and 8" floppy disk 


drives, 
and provides 
all clocks 
required 
by the industry 


standard FDC765A and FDC72C65 
floppy disk controllers. 


The 
FDC92C81 
incorporates 
all the active 
components 


necessary to implement analog floppy disk data separation, 
eliminating 
the need for discrete transistors. 
Only a crystal 


WDIN 
EARLY 


lATE 


XTAl2 
XTAL1 


WCK 


RDD 
RDW 


RDIN 
PDOUT 


RBT 
DGND 


DVCC 
VCOSYNC 


P0 
WDOUT 
ClK 
MINI 
MFM 
AVCC 
lFOI 


lFIN 


VIR 
AGND 


and a few external 
resistors 
and capacitors 
are required. 


Using the FDC92C81 
and a floppy disk controller 
chip, a 


system designer 
can build a highly reliable, 
cost efficient 


double or single density floppy disk subsystem 
requiring no 


tuning adjustments. 


Three 
different 
user 
selectable 
values 
for 
write 


precompensation 
assure reliable positioning 
of data when 


writing to disk. 


I 


WPITS 


FLTITR0 


RWISEEK 


D0· 
FRISTP 
D7 


LCTIDIR 


VCO 


US1 
USO 


2SIDED 


WPRT 


TRK00 


FAULT 


FAULT 
RST 


STEP 


LOW CUR 


DIR 


DRSEL4 


DRSEL3 


DRSEL2 


DRSEL1 


DVCC ....14+ 5V 


VCO SYNC 
23 
22 


°To 
avoid 
soli 
errors 
caused 
by 


transmission 
line 
effects 
and 


nOise 
where 
there 
is long 
cabling 


between 
the 
floppy 
disk 
drive 


and 
the 
controller 
board. 
the 
use 
of 
a 


(non-Inverting) 
TlL 


schmldHrigger 
input 
gate 
or 
bus 


transceiver 
1$ 
recommended 
at 
the DSKD 
Input 
\0 the FDC92C81 


47I.J.f 
1 


10% 


MLC 


500 
250 


KHz 
KHz 


to- 
eLK 


WCK 


BLOCK DIAGRAM 
FDC92C81 


PIN NO. 
NAME 
SYMBOL 
I/O 
DESCRIPTION 


1 
Write Data In 
WDIN 
I 
This input contains 
the serial clock and data bits which 
may 


be precompensated 
and output to the drive. 


2 
Early 
EARLY 
I 
Used for precompensation. 
When 
high, the write data bit will 


be written 
early. Refer to table below. 


3 
Late 
LATE 
I 
Used for precompensation. 
When 
high, the write data bit will 


be written 
late. 


EARLY 
LATE 
PULSE 
POSITION 


0 
0 
nominal 
1 
0 
early 
0 
1 
late 
1 
1 
not used 


4 
Crystal 
XTAL2 
0 
A 16.000 MHz parallel 
resonant 
crystal 
may be connected 
5 
Crystal 
XTAL1 
I 
between 
XTAL 1 and XTAl2. 
If a TTl 
signal 
is used in place 


of a crystal, 
the signal should 
be connected 
to XTAL 1 while 


XTAl2 
is left unconnected. 


6 
Write Clock 
WCK 
0 
This output 
contains 
the clock which 
controls 
the rate at 


which data is written 
to the drive. See table for MINI pin. 


7 
Read Data 
RDD 
0 
This output 
contains 
the reclocked 
encoded 
bit stream 
from 


the drive. 


8 
Read Data Window 
RDW 
0 
This output 
is a function 
of the internal 
VCO frequency 


which tracks and properly 
frames 
the encoded 
drive bit 


stream 
for reliable 
clocking 
into the floppy 
disk controller. 


9 
Read Data In 
RDIN 
I 
This input is the read data from the floppy disk drive. The 
input is active low. The leading 
edge (high to low transition) 


is used for all frequency 
tracking 
operations. 


10 
Phase 
Detect Out 
PDOUT 
0 
The output 
of the phase detect 
circuit. 
A 75K 5% resistor 
is 


connected 
between 
this output 
and lFIN. 


11 
Bias Reference 
RBT 
I 
An external 
147K 5% resistor 
connected 
between 
this pin 


and AVCC establishes 
a bias reference 
current 
for the VCO. 


This input should 
not be forced 
low. 


12 
Digital Ground 
DGND 
Digital Ground 


13 
Analog 
Ground 
AGND 
Analog 
Ground 


14 
Voltage 
to Current 
VIR 
I 
A 24.9K 
1% metal film resistor 
connected 
between 
this pin 


Reference 
and AVSS establishes 
a current 
reference 
for the on-Chip 


voltage 
to current 
converter 
which 
is part of the VCO. 


15 
low-pass 
Filter In 
lFIN 
I 
This is the input to the low pass filter amplifier. 
A resistor 
is 


connected 
between 
this input and PDOUT 
and a low pass 


filter is connected 
between 
this input and LFOI. 


16 
low-pass 
Filter 
lFOI 
I/O 
This pin is the output of the low pass filter amplifier 
and the 


input to the VCO. 


17 
Analog 
Vcc 
AVCC 
+ 5V analog 
power supply 


18 
MFMMode 
MFM 
I 
When this input is high, the chip is in MFM mode. When 
low, 


the chip is in the FM mode. 


19 
MINI 
MINI 
I 
This input, along with the input P0 specifies 
the amount 
of 


precompensation 
to be used. See table for the P0 pin. This 


input along with MFM controls 
the CLK and WCK outputs. 


MFM 
MINI 
WCK 
ClK 


0 
0 
500KHz 
8MHz 


0 
1 
250KHz 
4MHz 


1 
0 
1MHz 
8M Hz 


1 
1 
500KHz 
4MHz 


20 
Clock 
ClK 
0 
This output 
is a 4MHz or 8MHz clock. 
See table above. 


21 
Write Data Out 
WDOUT 
0 
This output 
is the precompensated 
serial write data to the 


floppy disk drive. 


I 


PIN NO. 
NAME 
SYMBOL 
I/O 
DESCRIPTION 


22 
Precompensation 
P0 
I 
This input along with the MINI input specifies 
the amount 
of 
precompensation 
to be used. 


MINI 
PO 
PRECOMP 


0 
0 
O.Ons 
0 
1 
62.Sns 
1 
0 
O.Ons 
1 
1 
12S.0ns 


23 
VCO Sync 
VCO SYNC 
I 
VCO locks to clock when low and to data when 
high. 


24 
Digital Vcc 
DVCC 
+ SV digital power supply. 


The phase locked loop gain of the FDC92C81 
is controlled 


by switching 
between 
two modes 
of operation, 
shuffle 
oscillator 
and arm on data. The mode change 
is via VCO 
SYNC. The shuffle oscillator 
mode is considered 
the high 


gain mode and the arm on data mode is considered 
the low 


gain mode. 


Arm On Data Mode 


The purpose of the arm on data mode is to reduce the gain 
so that the chip can handle higher amounts 
of bit jitter. In 


this mode, each code bit received from the drive resets the 
phase compare 
circuits 
and a counter 
(shuffle oscillator). 


The phase compare circuits are only armed for one compare 
cycle after each code bit. The counter is set such that '14 bit 
cell after the phase compare reset has gone away, it creates 
an edge. (Only one compare is performed until the next code 
bit is received.) 
This edfle is compared 
against the edges 


of the VCO by the phase compare circuits. The relationship 
between these edges is used to generate 
one pump-up or 


pump-down 
signal. Therefore, 
in this mode, each code bit 


causes only one update to the loop. 


Shuffle Oscillator 
Mode 


The shuffle oscillator mode allows for a fast lock to data time 
when attempting 
to acquire 
data synchronization. 
In this 


mode, each code bit received from the drive resets the phase 
compare 
circuits 
and a counter 
(shuffle 
oscillator). 
The 


phase compare 
circuits are always armed. The counter 
is 


set such that '14 bit cell after the phase compare 
reset has 


gone away, it creates 
an edge. Each '12 bit cell thereafter 


creates an edge until reset by another code bit. This edge 
is compared 
against 
the edges of the VCO by the phase 


compare 
circuits. The relationship 
between these edges is 


used to generate 
pump-up/pump-down 
signals. 
In MFM 


codes, the minimum 
spacing 
between 
code bits is one bit 


cell, the maximum 
spacing is two bit cells. Therefore, 
in this 


mode, each code bit can cause up to four updates to the 
loop. This is how the gain of the loop is increased. 


PARAMETER 
500KHz 
300KHz 
250KHz 
UNITS 


Bit Jitter 
Nominal 
Speed 
380 
620 
760 
nsec 


+S%Speed 
360 
600 
740 
nsec 


-S%Speed 
380 
660 
840 
nsec 


Window 
Margin 


Early 
480 
800 
860 
nsec 


Late 
400 
720 
820 
nsec 


ELECTRICAL 
CHARACTERISTICS 


MAXIMUM 
GUARANTEED 
RATINGS 


Operating 
Temperature 
Range 
O°C to + 70°C 


Storage 
Temperature 
Range 
....................................•..•......................................•.. 
- 55°C to + 150°C 


Lead Temperature 
(soldering, 
10 sec.) 
+ 300°C 


Positive 
Voltage 
on any Pin, with respectto 
Ground 
Vcc + 0.3V 


Negative 
Voltage 
on any Pin, with respect 
to Ground 
.............•.....•.....•............................................ 
- 0.3V 


Power Dissipation 
0.25W 


Positive 
Voltage 
on Vcc Pin, with respect 
to Ground 
7.0V 


Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or at any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device from laboratory 
or system 
power supplies, 
it is important 
that the "Maximum 
Guaranteed 
Ratings" 
not be exceeded, 
or device failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when AC power 


is switched 
off. In addition, 
voltage 
transients 
on the AC power supply 
line may appear 
on the DC output. 
If this possibility 
exists 
it is 
suggested 
that a clamp 
circuit 
be used. 


AC ELECTRICAL 
CHARACTERISTICS 
TA = O°C to 70° C, Vcc = 5.0V ± 5% unless othel'\l~R£LIAt 


PARAMETERS 
5MBL 
MIN 
TYP 
MAX 
UNIT 
LOA[!- Some~~""t"w!IfAII~ 


Read data width 
T, 
40 
ns 
20pf 
~~t.<>n 
-"ng,. 
Window 
setup time 
T, 
15 
ns 
20pf 


Window 
hold time 
T 3 
15 
ns 
20pf 


Window 
cycle time 
T, 
2 
us 
20pf 
1 
us 
4 
us 
2 
us 


250 
350 


4 
2 
1 


High Level VIL 
High Level V,H 


INPUT 
VOLTAGE 
Low level VIL 
High Level V,H 


OUTPUT 
VOLTAGE 


-0.3 
0.8 
2.0 
(VCC) 


-0.3 
0.8 
3.2 
(VCC) 


0.4 


2.4 


POWER 
SUPPLY 
CURRENT 


Ice 


INPUT 
LEAKAGE 
CURRENT 


I'L 


INPUT 
CAPACITANCE 


WCKhigh 
T. 


WCK cycle time 
T. 


CLKhigh 
T, 


CLKlow 
T. 
,/ 


CLKperiod 
T. 


WDOUTwidth 
To. 


CLK ito WCK i delay 
T,o 


40 


40 


120 
500 


250 
315 
350 


0 
40 


561 


CLK, WCK, 
RDD, RDW, MFM, 
MINI, 


WDOUT 
IOL = 1.6mAexceptCLK 


10L = 0.4mA, 
CLK only 


10H = -100uA 
except CLK 


10H = - 400uA, 
CLK only I 


V,N = OtoVcc 


WDIN, 
EARLY, 
LATE, 
RDIN, 
P0, 


SYNC, 
XTAL 1 


MFM = 0 
MFM = 1 
MFM = 0 
MFM = 1 


MINI = 0 
MINI = 0 
MINI = 1 
MINI = 1 


ns 
20pf 


us 
20pf 
us 
20pf 


us 
20pf 


ns 
20pf 


ns 
20pf 


ns 
20pf 


us 
20pf 


ns 


125KHz 
data rate 


250KHz 
data rate 
500KHz 
data rate 


AC ELECTRICAL 
CHARACTERISTICS 
CONTINUED 


~ 


PARAMETERS 
5MBL 
MIN 
I 
TYP 
I 
MAX 
UNIT 
LOAD 
~ 
sPecIfICation. 


"'... 
SUbject 
to 


CLK ito WCK !delay 
T" 
0 
I 
I 
40 
ns 
~ 


WDOUT 
early rising edge to 
T" 
Desired 
Precomp 
Value 
see table for pin 22 
WDOUT 
nom. rising edge 


WDOUT 
nom. rising edge to 
T" 
Desired 
Precomp 
Value 
see table for pin 22 


WDOUT 
late rising edge 


Pre-shift 
delay time from 
T" 
20 
100 
ns 


WCK positive 
edge 


WDIN 
delay time 
T" 
20 
100 
ns 


rising edge of WCK to 
rising edge of WDIN, 
falling 
edge of WCK to 


falling 
edge of WDIN 


WDINwidth 
T" 
30 
200 
300 
ns 


Read data width 
T" 
100 
ns 


Read data cycle time 
T" 
2 
us 
500 Kb/s MFM. 


2 
us 
250 Kb/s FM 
4 
us 
250 Kb/s MFM, 


4 
us 
125 Kb/s FM 


TYPICAL VCO VOLTAGE IN 
30 


VS. FREQUENCY 


WDOUT 
---~ 


(early) 
~ 
\ 


W~ 
'" 
~T9a-l-- 


NOTE: For an updated data sheet please fill out the reply card in 
the back of this catalog or call SMC at (516) 273-3100. 


I 


TOP 


GROUND 
PLANE 


REDUCE TO 
2.500 
± .005" 


L 


RESISTOR 
VALUES 


R1 
10K5% 


R2 
75K5% 


R3 
24.9K 1% metal film 
R4 
147K5% 


CAPACITOR VALUES 


C1 
.003 uf 10% MLC 


C2 
220 pf 10% MLC 


C3 
.47uf10%MLC 


C4 
.22 uf 10% 


C5 
.22 uf 10% 


C6 
60 pf 10% 


C7 
60 pf 10% 


REDUCE TO 
2.500 
± .005" , 


..J 


NOTE: The printed 
circuit board artwork 
shown above is included 
for illustration 
only. Camera 
ready artwork 
is available 
through 
your SMC representative 
or regional 
sales ollice. 


Blank 
PC boards 
(based 
on the illustrations 
above) 
are also available 
to facilitate 
evaluation 
and design. 
Contact 
your SMC 
representative 
or regional 
sales ollice 
for more information. 


STANDARD MICROSYSTEMS 
CORPORATION, 


Circuit diagrams 
utilizing SMC 
products 
are included 
as a means 
of illustrating typical semiconductor 
applications; 
con- 


sequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The information 
has been 
carefully 
checked 
and is believed 
to be entirely 
reliable. 
However, 
no responsibility 
IS assumed 
for inaccuracies. 
Fur- 
thermore, 
such information 
does not convey to the purchaser 
of the semiconductor 
devices 
described 
any license under 


the patent 
rights of SMC 
or others. 
SMC 
reserves 
the right to make changes 
at any time in order to improve design 
and 
supply the best product possible. 


STANDARD MICROSYSTEMS 
CORPORATION,.I 


FOC 9791 
FOC 9793 
FOC 9795 
FOC 9797 
f.LPC FAMILY 
Floppy Disk 
Controller/Formatter 
FDC 


FEATURES 


0+5 
VOLT ONLY VERSION 
OF FDC179X-02 
o SOFT 
SECTOR 
FORMAT 
COMPATIBILITY 
o AUTOMATIC 
TRACK 
SEEK WITH 
VERIFICATION 
o ACCOMMODATES 
SINGLE 
AND DOUBLE 


DENSITY 
FORMATS 


IBM 3740 Single 
Density 
(FM) 


IBM System 34 Double 
Density 
(MFM) 
o READ MODE 


Single/Multiple 
Sector 
Read with Automatic 
Search 


or Entire Track Read 


Selectable 
128 Byte or Variable 
Length 
Record 


DWRITE 
MODE 


Single/Multiple 
Sector 
Write with Automatic 
Sector 


Search 
Entire Track Write for Diskette 
Initialization 
o PROGRAMMABLE 
CONTROLS 


Selectable 
Track to Track Stepping 
Time 


Side Select 
Compare 
o SYSTEM 
COMPATIBILITY 


Double 
Buffering 
of Data 8 Bit Bi-Directional 
Bus for 


Data, Control 
and Status 


DMA or Programmed 
Data Transfers 


All Inputs and Outputs 
are TTL Compatible 


On-chip 
Track and Sector 
Registers/Comprehensive 


Status 
Information 
o WRITE 
PRECOMPENSATION 
(MFM AND FM) 
o SIDE SELECT 
LOGIC 
(FDC 9795, 
FDC 9797) 
o WINDOW 
EXTENSION 
(IN MFM) 


I 


" 
w 
« 
o 
w 


8~>- 
~a~:5 


1a-1a:1!; a 
5!' u ~ 
~...J 
oct u 
_l->IJ::>Z:>l-Ia:a: 


Ne 
40 
Ne 


WE 
3. 
INTRQ 


cs 
36 
ORO 


RE 
37 
DDEN 


A, 
3. 
WPRT 


A, 
35 
jj5 


DALO' 
34 
TROD 


DAL 
," 
6 
33 
WFNFOE 


CALZ" ·0 


32 
ROY 


DAL3" 
10 
31 
WO 


DAL4" 
11 
30 
WG 
QAlS" 
12 
29 
TG43 


OAL6" 
13 
26 
HLO 


OALl" 
14 
27 
AAWAEAD 


STEP 
15 
2. 
RCLK 


DIRe I. 
25 
AGfSsb 


EARLY 
17 
24 
eLK 


LATE 
16 
23 
HLT 


MR 


" 
22 
TEST 


GNO 
20 
21 
Voo • 


WPRT 
RGISSO 
DDEN 
elK 


DAD 
HLT 
INTRa 
TEST 


NC 
Vcc 
NC 
, 
~ 


NC 
2 
GND 


WE 
3 
MR 
cs 
4 
LATE 


RE 
5 
19 
EARLY 


".. 
6 
18 
DIRe 


7 8 
9 
10 11 121314 
15 16 17 


o INCORPORATES 
ENCODING/DECODING 
AND ADDRESS 
MARK 
CIRCUITRY 


o COMPATIBLE 
WITH 
FDC 179X-02 
o COPLAMOS® 
n-CHANNEL 
MOS TECHNOLOGY 


o COMPATIBLE 
WITH 
THE 
FDC 9216 FLOPPY 
DISK 


DATA SEPARATOR 


The FDC 979X is an MOS/LSI 
device which performs 
the 


functions 
of a Floppy 
Disk Gontroller/Formatter 
in a sin- 


gle chip implementation. 
The basic FDG 979X chip design 


has evolved into four specific parts: FDG 9791, FDG 9793, 
FDG 9795, and the FDC 9797. 


This 
FDG family 
performs 
all the functions 
necessary 


to read 
or write 
data 
to any type 
of floppy 
disk 
drive. 
Both 8" and 5'14' (mini-floppy) 
drives with single or double 


density 
storage 
capabilities 
are supported. 
These 
n- 


channel 
MOS/LSI 
devices 
will replace 
a large amount 
of 


discrete 
logic required 
for interfacing 
a host processor 
to 


a floppy disk. 


The FDC 9791 is IBM 3740 compatible 
in single density 


mode (FM) and System 
34 compatible 
in double 
density 


mode 
(MFM). 
The 
FDC 9791 
contains 
enhanced 
fea- 


tures 
necessary 
to 
read/write 
and 
format 
a double 


density 
diskette. 
These include 
address 
mark detection, 


FM and MFM encode 
and decode 
logic, window 
exten- 


sion, and write precompensation. 


The FDG 9793 
is identical 
to the FDG 9791 except 
the 


DAL lines 
are TRUE 
for systems 
that 
utilize 
true 
data 


busses. 


The FDG 9795 adds side select 
logic to the FDG 9791. 


The FDG 9797 adds the side select logic to the FDG 9793. 


The processor 
interface 
consists 
of an 8 bit bidirectional 


bus for data, status, and control word transfers. 
This fam- 


ily of controllers 
is configured 
to operate 
on a multiplexed 


bus with other bus-oriented 
devices. 
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MICROSYSTEMS 
Circuit diagrams 
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Hard Disk 


Max. Disk 


Part 


D~~ 
Data Transfer 
Hard Disk 
Power 
Number 
Disk Format 
Enco 
Bate 
Data Separator 
SUpply Package 
Page 
MSD95COO 
SCSI 
RLL 2,7IMFMINRZ/GCR 
20Mb/see 
external 
+5V 
68PLCC 
681-692 
MSD95C02 
User Defined 
RLL 2 7IMFMINRZ/GCR 
24Mb/see 
external 
+5V 
68PLCC 
693-736 
MSD7262 
ESDI 
NRZ 
18Mb/see 
external 
+5V 
40 DIP 
677-680 
HDC9234 
IBMal>PC/ATal>, ST-506 
MFM,FM 
5 Mb/see 
external 
+5V 
40 DIP, 
637-676 


44PLCC 
HDC92C26 
ST-506 
MFM,FM 
5Mb/see 
Analog, 
+5V 
24 DIP, 
627-634 


external 
VCO 
28PLCC 
HDC9223 
ST-506 
MFM FM 
5 Mb/see 
VCOonly 
+5V 
14 DIP 
585-588 
HDC9224 
DECVAX&,MICROVAX&, 
MFM,FM 
5 Mb/see 
external 
+5V 
40 DIP, 
589-624 
ST-500 
44PLCC 
HDC92C27 
ST-506 
MFM,FM 
5 Mb/see 
Analog, 
+5V 
28 DIP, 
635-636 


external 
VCO 
28PLCC 
HDC92C25 
ST-506 
MFM,FM 
5 Mb/see 
external 
+5V 
48 DIP 
625-626 
HDC7261 
NECST-506 
MFM FM 
12 Mb/see 
external 
+5V 
40 DIP 
583-584 
HDC7260 
NECST-506 
MFM,FM 
6 Mb/see 
external 
+5V 
40 DIP 
579-582 
HDC 1100-01, 
SAlOOO,ST-506 
NRZ,MFM,FM 
5 Mb/sec 
external 
+5V 
20 DIP 
569-578 


-12 -03 -05 
I 


STANDARD MICROSYSTEMS 
CORPORATIONj@J 
HOC 1100-01 
PRELIMINARY 


Hard Disk Serial to Parallel Converter 


FEATURES 
o Single + 5 Volt Power Supply 
o Double Buffered 
o Byte Strobe Outputs 
o 5 MBit Shift Rate 
o Serial Input/Parallel 
Out 


020 
Pin DIP 


On-Channel 
COPLAMOS®Silicon 
Gate Technology 


ClK 
1 
20 vcc 


NC 
2 
19 EN 


BClR 
3 
18 NRZ 


TEST 
4 
17 ST 


000 
5 
16 OOUT 


001 
6 
15 BOONE 


002 
7 
14 SHFClK 


003 
8 
13 007 


004 
9 
12 006 


Vss 10 
11 005 


The HOC 1100-01 converts 
NRZ data from a Winchester 


disk drive into eight bit parallel form. Additional 
inputs are 


provided to initiate the conversion 
process, as well as out- 


put strobes to indicate the completion. 


NRZ 


ClK 


The HOC 1100-01 contains 
two sets of 8 bit registers. This 


allows one register to be read (in parallel) while serial data 
is being shifted into the other. 
I 
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Hard Disk Improved MFM Generator 


FEATURES 
o Single + 5 Volt Power Supply 
o Write Precompensation 
o Address 
Mark Generation 
o 5 Mbit Data Rate 
o Converts 
NRZ to MFM 


020 
Pin DIP 


On-Channel 
COPLAMOS® 
Silicon Gate Technology 


NRZ 
1 
20 Ycc 


SKPEN 
2 
19 AD 


WCLK 
3 
18 A1 


WCLK 
4 
17 MR 


RWC 
5 
16 MFM 


CS 
6 
15 INTRO 


DROCLK 
7 
14 ORO 


INTCLK 
8 
13 EARLY 


2XDR 
9 
12 LATE 


Yss 10 
11 NOM 


The HOC 1100-12 "improved" 
MFM Generator 
converts 


serial NRZ data into an MFM (Modified 
Frequency 
Modu- 


lated) data stream. The MFM signal may be used to record 
information 
on a Winchester 
Disk. 


In addition, the HOC 1100-12 generates Write Precompen- 


sation signals 
required 
to compensate 
for bit shift effects 


on the recording 
medium. 
I 


The HOC 1100-12 has the ability to delete clock pulses in 
the outgoing data stream in order to record Address Marks. 


RWC 
DROCLK 


ORO 


NRZ 


EARLY 
NOM 
WRITE 
LATE 


WCLK 
481T 
PRECOMP 
INTCLK 
SHIFT 
GEN. 
INTRO 
REG. 


WCLK 
MFMGEN 
MFM 
AD 


A1 
DECODE 
LOGIC 


CS 


SKPEN 
MR 
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STANDARD MICROSYSTEMS 
CORPORATION,fI 
HOC 1100-03 
PRELIMINARY 


Hard Disk Address Mark Detector 


FEATURES 
o Single + 5 Volt Power Supply 
o Decodes A 1-0A 
o Synchronous 
Clock/Data 
Outputs 
o 5 MBit Data Rate 
o Address Mark Detection 
020 
Pin DIP 


On-Channel 
COPlAMOS 
® Silicon Gate Technology 


RCLK 
1 
20 
Vcc 


DIN 
2 
19 
RST 


RCLK 
3 
18 CP 


CLKIN 
4 
17 NC 


DOUT 
5 
16 AMDET 


NC 
6 
15 AMDET 


NC 
7 
14 QOUT 


TEST1 
8 
13 NC 


ENDET 
9 
12 DCLK 


Vss 10 
11 TEST2 


The HDC 1100-03 Address Mark Detector Provides an effi- 
cient means of detecting 
Address 
Mark Fields in an MFM 


(NRZ) data stream. 
MFM clocks 
and data are fed to the 


device along with a window clock generated 
by an external 


data separator. The HDC 1100-03 searches the data stream 


for a DATA = A 1, ClK 
= OA pattern and produces and AM 


DET signal when the pattern has been found. NRZ data is 
output from the device for driving a serial/parallel 
converter. 


An uncommitted 
latch is also provided for use by the data 


separator 
circuitry 
if required. 


CP : 
m~ 
RST 


DIN 
D 
Q 


8BIT 


RCLK 
C 
SHIFT REG 


R 


ENDET 


TEST 1 


DCLK 


AMDET 


AMDET 


TEST2 


I 
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Hard Disk CRC Checker/Generator 


FEATURES 
o Single + 5 Volt Power Supply 
o Generates/Checks 
CRC 
o Latched Error Outputs 
o CCITT-16 
CRC 
o Automatic 
Preset 


020 
Pin DIP 


On-Channel 
COPLAMOS®Silicon 
Gate Technology 


DIN 
1 
20 VCC 


DOCK 
2 
19 NC 


SHFCLK 
3 
18 NC 


NC 
4 
17 NC 


NC 
5 
16 CRCOK 


CWE 
6 
15 TIMCLK 


DaCE 
7 
14 WCLK 


CRCIZ 
8 
13 CRCOK 


NC 
9 
12 SKPCLK 


Vss 10 
11 DOUT 


The HOC 1100-04 CRC Checker/Generator 
generates 
a 


Cyclic Redundancy 
Checkword 
from a serial data stream, 
and checks 
for the proper CRC in a received 
serial data 


stream. In addition to the transmitted 
CRC output, compli- 


mentary latched "CRCOK" 
outputs are provided to indicate 


CRC errors in the check mode. 


S 


DIN 
5 
POLYNOMIAL GEN 
Q 


X16 + 
Xl2 + XS + 1 


SHFCLK 
C 


DaCE 
D 
Q 


DOCK 
C 
Q 


CRCOK 


CRCOK 


I 
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STANDARD MICROSYSTEMS 
CORPORATION,.U 
HDC 1100-05 
PRELIMINARY 


Hard Disk Parallel to Serial Converter 


FEATURES 
o Single + 5 Volt Power Supply 
o Double Buffered 
o Byte Strobe Outputs 
o 5 Mbit Data Rate 
o Parallel In/Serial Out 
020 
Pin DIP 


On-Channel 
COP LAM OS ® Silicon Gate Technology 


DO 
1 
20 vcc 


01 
2 
19 EN 


02 
3 
18 NC 


03 
4 
17 TEST 


04 
5 
16 BOONE 


05 
6 
15 OOUT 


06 
7 
14 SHFCLK 


07 
8 
13 LO 


SHFCLK 
9 
12 WCLK 
vss 10 
11 OCLK 


The HDC 1100-05 converts bytes of parallel data to a serial 
data stream 
for writing 
to disk memories 
or other serial 
devices. Parallel data is entered via the DO-D7Iines. 
A syn- 
chronous 
byte counter 
is used to signify that 8 bits of data 


have been shifted out and that the 8 bit latch is ready to be 
reloaded. The double buffering of the data permits another 
byte to be loaded while the previous byte is in the process 
of being shifted. 
I 
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STANDARD MICROSYSTEMS 
CORPORATION4rI 
HDC7260 
PRELIMINARY 


Universal Disk Controller 


FEATURES 
o Hard and floppy 
disk interface 
o Controls 
four drives 
(any combination) 


simultaneously 
o Programmable 
track 
format 


o Transfer 
rate 6 MHz maximum 
o High 
Level Commands, 
Including: 


Check 
Sense 
Intr. Status 


Detect 
Error 
Sense 
Status 


Read Data 
Specify1 


Read Diagnostic 
Specify2 


Read 
10 
Verify 
Data 


Recalibrate 
Verify 
10 


Scan 
Write 
Data 


Seek 
Write 
Format 


o Parallel 
seek capability 
o Multi-sector, 
-track, 
-cylinder 
read/write 
capability 


o Implied 
seek function 


o CRC error detection 
o ECC error 
detection 
and correction 
o DMA data transfer 
o Single 
+5 volt supply 
o 40-Pin 
Dual-in-Iine 
Package 
o COPLAMOS® 
n-Channel 
Silicon 
Gate Technology 


SYNC 
RIW DATA 
RClK 
RST 


INT 
DMARQ 
TC 
WClK 
R5 
WR 


Ao 


Do 
0, 
0, 


03 
D. 
0, 
D. 
07 


GND 


The 
HDC7260 
is a single-chip 
disk 
controller 
that 
is 


capable 
of interfacing 
to a maximum 
of four floppy or hard 


disks 
in any combination. 
The chip 
utilizes 
the ST-506 


defacto 
standard 
for 
the 
Winchester 
disks 
and 
is 


compatible 
with 8-inch, 5V4-inch and 31/2-inch floppy disks. 
The HDC7260 is based on the HDC7261A architecture, 
but 


with changes 
to enhance 
performance 
and flexibility. 
The 


V'" 
RGATE 
WGATE 
ClK 


INDEX 
pel 


PCE 


[DSDJ(2 Side) 
[SKC](WPRT) 


FlTITRKO 


ROY 
DSo 


OS, 
HSo 


IHS,j 


[HS'J(FlTR) 
(HS3](HDlD) 
RW/SEEK 


MFM/STEP 
RWC/DIR 


HDC7260 can generate 
both IBM- and ECMA-compatible 


floppy disks and hard disks with the standard 
format. ECC 


and 
CRC 
capabilities 
along 
with 
many 
high-level 


commands 
provide excellent 
system throughput, 
and the 


single-chip 
design 
provides 
for 
efficient 
board 
space 


utilization. 


I 


RClK 


WClK 


RIW 
DATA 


SYNC 


RGATE 


WGATE 


INDEX 


Data 
FIFO 
[8x8) 


Command 
I 
Status 
Register 


Disk 
Interface 
Control 


PCl 


PGE 


[OSO)(2 
side) 


[SCK)(WPRT) 


FlTITRKO 


RDY 


DSo 


DS, 


HSo 
IHS,! 


[HS2)(FlTR) 


[HSa)(HOlO) 


RW/SEEK 


MFMISTEP 


RWC/DIR 


RD 


WR 


INT 


DMARQ 


TC 


ReadlWrite 
liNT 
IDMA 
Control 


): Floppy 
disk 
interface 
): Hard 
disk 
interface 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


1 
PLL SYNC 
SYNC 
PLL synchronization 
output 


2 
Read/Write 
Data 
R/W 
DATA 
Read data input or write data output 
3 
Read Clock 
RCLK 
Read clock 
input 


4 
Reset 
RST 
System 
reset input from host computer 


5 
Interrupt 
INT 
Interrupt 
request 
output 


6 
DMA Request 
DMARQ 
DMA request 
output 


7 
Terminal 
Count 
TC 
Terminal 
count 
input from DMA 
8 
Write Clock 
WCLK 
Write clock 
input 


9 
Read 
RD 
Host computer 
read control 
input 


10 
Write 
WR 
Host computer 
write control 
input 


11 
Data/Status 
Reg Select 
Ao 
Status/command 
register 
or FJFO select 
pin 


12-19 
Data Bus 
Do-D7 
System 
data bus connections 


20 
Ground 
GND 
System 
ground 


21 
Read Write 
RWC/DIR 
If RW/SEEK 
= 1, outputs 
read/write 
current 
decrease 
signal. 
If 
Current/Direction 
RW/SEEK 
= 0, outputs 
the direction 
RW head is to move. 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


22 
MFM Step 
MFM/STEP 
If RW /SEEK = 1, outputs 
MFM signal to VCO circuit. 
If RW /SEEK 


= 0, outputs 
STEP signal 
to move 
RW head. 


23 
Read Write/SEEK 
RW/SEEK 
Output 
signal 
that specifies 
function 
of some 
multiplexed 
signals 


24 
Head Select 
3 
HS3 
For hard disk, head select 
3 output. 
For floppy 
disk, head 


(Hold) 
(HDlD) 
load output. 


25 
Head 
Select 
2 
HS2 
For hard disk, head select 
2 output. 
For floppy 
disk, output to clear 
(Fault Reset) 
(FlTR) 
drive fault state. 


26 
Head Select 
1 
HS, 
Head select 
output to disk drive. 


27 
Head Select ° 
HSo 
Head select 
output to disk drive. 


28-29 
Drive Select 
DS,-DSo 
Drive select 
outputs. 


30 
Ready 
RDY 
Ready 
input from disk drive. 


31 
Fault/Track 
Zero 
FlT/TRK~ 
If RW /SEEK = 1, inputs a fault flag from the disk drive. If RW /SEEK 
= 0, inputs a signal 
indicating 
R/W head is over cylinder 
zero. 


32 
Seek Complete 
SKC 
Seek complete 
input from hard disk drive, or write protected 
input 
(Write 
Protect) 
(WPRT) 
from floppy 
disk drive. 


33 
Drive Select 
DSD 
Drive selected 
input from hard disk drive, or double-sided 
disk 


(double-sided) 
(2 Side) 
input from floppy 
disk drive. 


34-35 
Precompensation 
PCE, PCl 
Precompensation 
early/late 
output to disk drive. 


Entry, late 


36 
Index 
INDEX 
Index hole detect 
input from disk drive 


37 
Clock 
ClK 
System 
clock 
input from host computer 


38 
Write Gate 
WGATE 
Write gate output to disk drive 


39 
Read Gate 
RGATE 
Read gatl;l output to disk drive 


40 
Power 
Supply 
Vcc 
+5 V (typical) 
I 
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STANDARD MICROSYSTEMS 
CORPORATION;. 
* 


HDC7261A 
PRELIMINARY 


Hard Disk Controller 


FEATURES 
o Flexible interface to various types of Hard Disk Drives 
o Programmable 
Track Format 


o Controls 
up to 8 Drives 
o Parallel Seek Operation 
Capability 
o Multi-sector 
and Multi-track 
Transfer Capability 
o Data Scan and Data Verify Capability 
o High Level Commands, 
Including: 
READ DATA 
SEEK (Normal or Buffered) 


READ ID 
RECALIBRATE 
(Normal or Buffered) 


WRITE 
DATA 
READ DIAGNOSTIC 
(SMD Only) 


WRITE 
ID 
SPECIFY 


SCAN DATA 
SENSE 
INTERRUPT 
STATUS 


VERIFY 
DATA 
SENSE 
DRIVE STATUS 


VERIFY 
ID 
DETECT 
ERROR 


CHECK 
o NRZ, FM, or MFM Data Format 
o Maximum 
Data Transfer Rate: 12MHz 
o Error Detection 
and Correction 
Capability 
o Simple I/O Structure: 
Compatible 
with Most 
Microprocessors 
o All Inputs and Outputs except Clock Pins are TTL- 


Compatible 
(Clock Pins Require Pull-up) 
o Single + 5V Power Supply 
o 40-Pin Dual-in-line 
Package 
o COPLAMOS® 
n-Channel 
Silicon Gate Technology 


SYNC 
1 
40 vcc 
(AGATE) 


AWDATA 
2 
39 
BT1 
(WGATE) 


AWClK 
3 
38 
BTO 


AESET 
4 
37 
ClK 


INT 
5 
36 
INDEX 


DAEQ 
6 
35 
SCT 
(PCl) 


j('; 
7 
34 iJSiG 
(PCE) 
cs 
8 
33 !m'm 
(DSD) 
fW 
9 D 


32 
BDIA 
(SKC) 


WR 
10 
31 
TG3 
(TAKO) 


AO 
11 
30 
TG2 
(AEADY) 


DO 
12 
29 
TG1 
(WFlT) 


D1 
13 
28 
BT2 
(DSO) 


D2 
14 
27 
BT3 
(DS1) 


D3 
15 
26 
BT4 
(HSO) 


D4 
16 
25 
BT5 
(HS1) 


D5 
17 
24 
BT6 
(HS2) 


D6 
18 
23 
BT7 
(AWC) 


D7 
19 
22 
BT8 
(STEP) 
GND 
20 
21 
BT9 
(DIA) I 


PACKAGE: 
40-pin 
D.I.P. 


Note: 
Signals shown in parentheses 
are used when the HDC7261 
is in the floppy-like 
mode. 


The HDC7261 
Hard Disk Controller 
is an intelligent 
micro- 


processor 
peripheral 
designed 
to control a number of dif- 


ferent types of disk drives. It is capable of supporting 
either 


hard-sector 
or soft-sector 
disks and provides all control sig- 


nals that interface the controller with either SMD di~k inter- 
faces 
or Seagate 
floppy-like 
drives. 
Its sophisticated 


instruction set minimizes the software overhead for the host 
microprocessor. 
By using the DMA controller, the micropro- 


cessor 
needs only to load a few command 
bytes into the 


HDC7261 
and all the data transfers 
associated 
with read, 


write, or format operations 
are done by the HDC7261 
and 


the DMA controller. 
Extensive 
error reporting, 
verify com- 


mands, ECC, and CRC data error checking 
assure reliable 


controller 
operation. 
The 
HDC7261 
provides 
internal 


address 
mark detection, 
ID verification, 
and CRC or ECC 


checking 
and verification. 
An eight-byte 
FIFO is used for 


loading 
command 
parameters 
and obtaining 
command 


results. 
This makes the structuring 
of software 
drivers 
a 


simple task. The FIFO is also used for buffering data during 
DMA read/write 
operations. 
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STANDARD MICROSYSTEMS 
CORPORATION,@i 
HDC9223 
PRELIMINARY 


High Performance 
Analog Data Separator Support Circuit 
(ADSSC) 
For Hard Disk 


FEATURES 
o Significantly 
reduces component 
count in hard 


disk systems 


o Completely 
compatible 
with the HOC 9226 Hard 


Disk Data Separator 
and the HOC 9224 Universal 


Disk Controller 


o Simplifies 
design and improves performance 
of ST506 


Hard Disk Controller 
sub-system 


o Eliminates 
costly critical "tune up" adjustments 


o Space saving 14 pin package 
o Monolithic 
analog solution reduces critical pc 


board layout 


o Single + 12V power supply 
o Printed Circuit Board Artwork available to facilitate 


prototyping 
and evaluation 


RDGATE 
PMPUP 
PMPDWN 
GND 
4xVCO 
CX, 
CX2 


The HOC 9223 Analog 
Data Separator 
Support 
Circuit 


(ADSSC) is a 14 pin device, which when used with the HOC 
9224 Universal Disk Controller and the HOC 9226 Hard Disk 
Data Separator 
significantly 
simplifies 
the design of a high 


performance 
hard disk data separator. 


The HOC 9223, combined 
with the HOC 9226 and a few 


12V 
F2 
Fl 
AGND 
Cl 
C2 
R1 


resistors and capacitors, 
forms a phase locked loop which 
performs phase and frequency 
locking onto either the MFM 


or FM data stream output by ST506 or ST412 type drives. 


By reducing the number of critical discrete 
components 
to 


a minimum and eliminating all critical adjustments, 
the HOC 


9223 and HOC 9226 simplify the task of the designer. 


I 


,------- 


I 
I 
I 
I 


-------------, 


1 


10 I C2 


I 22fJ.fI 


'IAGNDT 


4n 
I 
_ 


5 I 
4xVCO 


I 
I 
6 _-.J 


.22fJ.1• 
MLC 


AGND 


PMPUP 


PMPDWN 


4990 
5600 pf 5% 


1% 
MLC 
AGND 
METAL FILM 
FIGURE 1: HOC 9223 BLOCK DIAGRAM 


8.2pf 
NPO 
5% 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


1 
Read Gate 
RDGATE 
This active high input controls 
the gain of the loop. A high level 
decreases 
the gain and a low level increases 
the gain. 


2 
Pump 
Up 
PMPUP 
This active low input causes 
the VCO to increase 
its frequency. 


3 
Pump 
Down 
PMPDWN 
This active low input causes 
the VCO to decrease 
its frequency. 


4 
Digital 
Ground 
GND 
This is the ground 
connection 
for the digital 
circuitry 
within 
the 
HDC 9223. 


5 
Four Times 
VCO 
4xVCO 
This is the VCO output. 
lt will vary from 18 to 22 MHz as a function 
of 
the PMPUP 
and PMPDWN 
input signals. 


6 
External 
Capacitor 
CX1 
Connection 
1 
7 
External 
Capacitor 
CX2 
An 8.2 pf external 
NPO capacitor 
is connected 
across 
pins 6 and 7. 


Connection 
2 


8 
External 
R1 
A 3.01 K 1% resistor 
is connected 
from this pin to Analog 
Ground. 


Resistor 
Connect 


9 
External 
Filter 
C1 
A .22iLf MLC capacitor 
is connected 
from this pin to Analog 
Ground. 
Cap Connection 
1 


10 
External 
Filter 
C2 
A .22iLf MLC capacitor 
is connected 
from this pin to Analog 
Ground. 


Cap Connection 
2 


11 
Analog 
Ground 
AGND 
This is the ground 
connection 
for the analog 
circuitry 
within 
the 
HDC9223. 


12 
External 
Filter 
F1 
A filter network 
should 
be connected 
to this pin as shown 
in Figure 
4. 
Connection 
1 


13 • 
External 
Filter 
F2 
A filter network 
should 
be connected 
to this pin as shown 
in Figure 
4. 


Connection 
2 


14 
+ 12 Volts 
12V 
Connect 
the power supply 
to this pin. A .22iLf bypass 
capacitor 
should 
also be connected 
from this pin to Analog 
Ground. 


DESCRIPTION 
OF OPERATION 


The functional 
block diagram of the HOC 9223 is shown in 
the disk is 100ns, the HOC 9226 divides the frequency 
of 
Figure 1. The major functional 
blocks within the HOC 9223 
the 4xVCO signal in half, and compares 
the phase and fre- 


are a voltage controlled 
oscillator 
(VCO), an active loop fil- 
quency of the resulting 
10 MHz signal to that of the incom- 
ter, and a pulse amplifier. The gain of the pulse amplifier 
is 
ing data. The HOC 9226 then varies the pulse width on the 
controlled 
by the ROGATE logic input. 
PMPUP and PMPOWN lines to adjust the output frequency 
The voltage controlled 
ocsillator generates 
the 4xVCO out- 
of the VCO on the HOC 9223, closing the loop. 
put (nominally 
20 MHz). The frequency 
of this output 
is 
A voltage regulator and bandgap voltage reference 
ensure 
determined 
by the signals on the PMPUP 
and PMPOWN 
power supply rejection and stable VCO operation. 


inputs to the HOC 9223. Since the half bit time for data from 


MAXIMUM GUARANTEED 
RATINGS 


Operating 
Temperature 
Range 
0 to 70 C 
Storage Temperature 
Range 
- 55 to + 150 C 
Lead Temperature 
(soldering, 
10 sec) 
+ 300 C 
Positive Voltage on any Pin, with respectto 
Ground 
Vcc + 0.5V 
Negative Voltage on any Pin, with respect to Ground 
- 0.5V 


Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the device at these or 
any other condition above those indicated in the operational sections of this specification is not implied. 


NOTE: When powering this device from laboratory or system power supplies, it is important that the "Maximum Guaranteed Ratings" not be exceeded, 
or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when AC power is switched off. In addition, voltage 
transients on the AC power line may appear on the DC output. If this possibly exists it is suggested that a clamp circuit be used. 


DC ELECTRICAL 
SPECIFICATIONS 


(TA = OC to 70C, 
Vcc = 12.0V 
± 5%) 


Parameter 
Min. 
Max. 
Units 


SUPPLY CURRENT 


Ice 
60 
mA 


SUPPLY VOLTAGE 
Vcc 
11.4 
12.6 
V 
12V±5% 


INPUT VOLTAGE 
I 


V,L 
2.4 
V 
10L= 2.0mA 


V,H 
3.6 
V 
10H= -4001J.A 


OUTPUT 
VOLTAGE 


VOL 
1.2 
V 
10L= 2.0mA 


VOH 
4.1 
V 
10H= -4001J.A 


INPUT CURRENT 


I'L 
-10 
IJ.A 
V,L = 0.8V 


I'H 
40 
IJ.A 
V,H = 3.0V 


AC ELECTRICAL 
CHARACTERISTICS 


(TA = OC to 70C, 
Vcc = 12.0V ± 5%) 


Parameter 
Symbol 
Min. 
Max. 
Units 


PM PUP, PMPOWN 
pulse width 
tpw 
15 
125 
ns 
Measured 
at 50% amplitude 
(Fig. 2) 
PM PUP, PMPOWN 
rise time 
t'A 
10 
ns 
Measured 
between 0.6 and 1.8V (Fig. 2) 
PM PUP, PMPOWN fall time 
t'F 
10 
ns 
Measured 
between 0.6 and 1.8V (Fig. 2) 


Output Frequency 
18 
22 
MHz 


(when locked) 


4xVCO rise time 
tOA 
15 
ns 
Measured 
between 
1.5 and 3.0V; 


Cload = 10pf (Fig. 3) 


4xVCO fall time 
tOF 
15 
ns 
Measured 
between 
1.5 and 3.0V; 


Cload = 10pf (Fig. 3) 


4xVCO pulse width high 
tOH 
16 
ns 
Fig.3 
Measured 
at 2.5V 


4xVCO pulse width low 
tOL 
16 
ns 
Fig. 3 Measured 
at 2.5V 
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FIGURE 2: 


PMPUP/PMPDWN 
TIMING 


HOOS9226 


RCLK 
RCLK 
Vcc 
+sv 


ROATA 
ROATA 
OLY30 


EARLY 
EARLY 
OLY40 


LATE 
LATE 
NC 
(NC) 


WOATA 
WOATA 
NC 
(NC) 


2XCLK 
10MHZOUT 
XOL 


0V %Ii 
10MHZlXTAL 1 
o LYSO 
22pf 
~ 


HOC 
3 
0 
PMPUP 


9224 
<1> 
<0 
0V::-1 
XTAL2 
PMPOWN 
22pf 


OMACLK 
SMHZOUT 
4XVCO 


WGATE 
WRGATE 
ROIN 


ROGATE 
'ROGATE 
WOOUT 


GNO 


CONTROUSTATUS 


+12V 


HOC 9223 


12V 


CX1 
F1 


CX2 


GNO 
F2 


ROGATE 
R1 


PMPUP 
C2 


PMPOWN 
C1 


4XVCO 
AGNO 


Circuit 
diagrams 
utilizing 
SMC products 
are included 
as a means 
of illustrating 
typical 
semiconductor 
applications: 


consequently complete information sufficient for construction purposes is not necessarily given. The information 
has been carefully 
checked 
and is believed 
to be entirely 
reliable. 
However, 
no responsibility 
is assumed 
for inac- 
curacies. Furthermore, such information does not convey to the purchaser of the semiconductor devices described 
any license 
under the patent 
ri9hts of SMC or others. 
SMC reserves 
the right to make changes 
at any time in order 


to Improve 
design 
and supply 
the best product 
possible. 


STANDARD MICROSYSTEMS 
CORPORATION",,, ..,,,,,..,_"",,, 


~16'U) )100 
fW) ~1Onll1R1 


STANDARD 
MICROSYSTEMS 


CORPORATION" 
HDC9224 


Universal Disk Controller 


FEATURES 
Programmable 
Disk Drive Interface 


and Formats 
o Seagate 
(ST506) or user definable 


Hard Disk Formats 
o IBM Compatible 
Single or Double 


Density Floppy Disk Formats 
o Controls 8", 5.25", and 3.5" drives 
o Controls tape drives for tape backup 
of disks 
o Full CRC generation 
and checking 
o Internal or External Error detection 
o Programmable 
user-transparent 


Error correction 
o Programmable 
automatic 
retry option 
o Programmable 
internal write 
precompensation 
logic 
o Read/Write 
commands 
with 


automatic 
seek 
o Multiple sector read/write 
transfers 
o Sector interleave 
capability 
o Internal address mark generation 


and detection 
o Programmable 
track step rates 
o Supports 
both buffered 
and 


unbuffered 
seeks 
o Polling'command 
allows 
overlapping 
seeks 
o Powerful, high level command 
set 
o Controls 
up to 4 drives with 
o 
up to 16 heads per drive 
o 
up to 2048 cylinders 
per drive 
o 
up to 256 sectors per track 


ClK 


WDATA 


LATE 
EARLY 


RDATA 


NC 
vcc 
INT 
RClK 
c/o 
ACK 


39 38 37 36 35 34 33 32 31 30 29 
40 
28 
41 
27 


42 
26 
43 
25 


44 
24 
1 
23 
2 
m 
3 
~ 
4 
m 
5 
19 
6 
18 
7 
8 
9 1011 121314151617 


Flexible System 
Interface 


o Built-in DMA controller 
capable of 
addressing 
up to 16 MBytes 
o Supports either private or virtual buffer 
memory addressing 
schemes 


Vcc 
INT 
RClK 
c/o 
ACK 


DS 
R/iN 


ABO 


AB1 
AB2 
AB3 
AB4 
AB5 
AB6 
AB? 
CS 


DBO 
DB1 
DB2 
DB3 


RDATA 
EARLY 
lATE 
WDATA 
ClK 
SO 
STB 
DMAClK 
S1 
RST 
DIP 
ECCTM 
DMAR 
WGATE 
RDGATE 
DB? 
DB6 
DB5 
Vss 
DB4 


o User readable 
Interrupt, Chip 


Status, and Drive Status registers 
o Programmable 
Interrupt 
Mask 
o TTL compatible 
o Standard 
40 pin DIP package 
o Single + 5 volt supply I 


GENERAL 
DESCRIPTION 


The HDC 9224 Universal 
Disk Controller 
(UDC) is a 40 
viding up to 24 bit addresses 
over an 8 bit data bus. This 
pin, n-channel 
MOS/LSI 
device capable 
of interfacing 
up 
enables the HDC 9224 to address 
up to 16 megabytes 
of 
to 4 Winchester-type 
hard disks and/or industry 
standard 
memory, 
and allows the hardware 
designer 
tremendous 
floppy disks to a processor. 
The chip is programmable 
to 
flexibility 
in system design. 


support 
both the Seagate 
(ST506) and u~er def!,ned har~ 
Several techniques 
of error detection 
and correction 
are 


. d:Sk formats, 
as well as IBM compatible 
8 ,5.25 
and 3.5 
implemented 
on the HDC 9224. One user selected method 
s ngle and double denSity formats. 
allows the chip to detect and transparently 
correct a read 
A powerful and sophisticated 
command 
set reduces the 
error in the data-stream, 
without 
external 
logic. Another 
software overhead 
required to implement 
a combined 
hard 
technique 
allows the designer 
complete 
control 
over the 
disk/floppy 
disk controller. These commands 
include: 
ECC algorithm, 
by using external logic or system software 
Drive Select 
Seek to cylinder and read ID 
to detect and correct the error. As a further aid in error han- 
Step out 1 cylinder 
Step in 1 cylinder 
dling, the HDC 9224 allows the user to specify the number 
Restore Drive 
Read Logical Sectors 
of read retries to be attempted 
before an error is reported 
Read Physical Sectors 
Read Entire Track 
to the host processor 
by the HDC 9224. 
Write Logical Sectors 
Write Physical Sectors 
The HDC 9224 features 
a versatile 
track format 
com- 
Chip Reset 
Deselect Dnve 
.. 
.. 


Poll Drives for Ready 
Set Register Pointer 
mand which allows formatting 
with Interleaved sectors. The 
Tape Back-up 
Format c rrent track 
chip needs on IX3 or 4 bytes of external memory space per 


u 
sector (depending 
on format selected). 
ThiS feature allows 
The HDC 9224 can use both private memory or shared 
the designer 
to optimize 
sector 
interleaving 
for optimum 
memory buffers with the chip's internal DMA controller pro- 
throughput. 
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WRITE ENCODER 
AND 
PRECOMP 
LOGIC 


WGATE 
RGATE 
STB 
S0 
Sl 


WDATA 


EARLY 


LATE 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


1 
Power 
Vcc 
+ 5 volt power supply 
pin 


22· 
Ground 
V•• 
System 
ground 


16 
Chip Select 
CS 
This signal 
(when active) selects 
the HOC 9224 for communications 
with the host 
processor. 
This signal is normally 
derived 
by decoding 
the high order address 
bits. 


It is active low. 


17,18 
Data Bus 7-0 
DB7-0 
All system 
processor 
reads and writes, 
(including 
status 
reads, 
initialization. 
disk 
19,20 
parameters, 
and commands) 
are 8 bit transfers 
which 
utilize these lines. 


21,23 
When the UDC is accessing 
memory, 
data is input or output 
on these 
lines. 
24,25 
Data on these 
lines is valid only when 
DATA STROBE 
(ITS) is active 
low. 


8-15 
Aux Bus 7-0 
AB7-0 
These 
8 pins are used to output 
drive control 
signals 
and DMA Address 
information. 


Additionally, 
these pins are used to input drive status 
information. 


4 
Command/Data 
Cii::J 
During 
processor 
to UDC communications, 
this input is used to indicate 
whether 
a 
command 
or data transfer 
will follow. 


If this pin is low, data may be written 
to, or read from, the internal 
data registers. 


If this pin is high, the processor 
may write commands 
or read command 
results 


from the UDC. 


7 
Read/Write 
R/W 
When the processor 
is communicating 
to the UDC, a high on this input line indi- 
cates a (processor) 
request 
for a UDC read operation, 
and a low indicates 
a (pro- 
cessor) 
request 
for a write operation. 


R/W 
C/O 
Operation 


0 
0 
Write to register 
file 
0 
1 
Write to command 
reg. 


1 
0 
Read from register 
file 
1 
1 
Read Interrupt 
Status 
Register 


During 
UDC initiated 
operations, 
this pin becomes 
an output, 
and is used to indi- 
cate a read operation 
(Iogi,c 1) or write operation 
(logic 0) to external 
memories. 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


6 
Data Strobe 
OS 
This active low pin functions 
as both an input and output. 
When the processor 
is 


writing 
to the UDC, the trailing 
edge of an active (low) signal applied 
to this pin indi- 


cates that the data on DB7-0 
is valid, and the data is latched 
into the appropriate 


UDC register 
on the rising edge. 


When the processor 
is reading 
from the UDC, the trailing 
edCe of an active (low) 


signal applied 
to this pin is used to clock out the desired 
UD 
register 
on to DB7 -0. 


During 
UDC initiated 
DMA operations, 
the UDC drives this pin low to either 
read or 


write data from memory. 
On DMA read cycles, 
data is clocked 
in on the trailing 


edge. On DMA write operations, 
the data on DB7-0 
is valid anytime 
this pin is 


active (low). 


When this pin is high (logic 
1). DB7-0 
return to a high impedance 
state. 


2 
Interrupt 
INT 
This active high output 
is used by the UDC whenever 
it wants to interrupt 
the pro- 
cessor. The interrupt 
pin is reset to its inactive 
(low) state when the UDC interrupt 


status 
register 
is read. 


30 
DMA In Progress 
DIP 
This active high output 
becomes 
active whenever 
the UDC is actually 
performing 
a 


DMA operation. 


28 
DMARequest 
DMAR 
This active high output 
becomes 
active whenever 
the UDC requires 
the system 
bus to perform 
a memory 
cycle, and ACK is inactive. 
During 
hard disk operations, 


it remains 
active until the sector transfer 
is complete. 


During floppy disk operations, 
it is active for 1 byte transfer 
time. 


The UDC shows that is has released 
the system 
bus by resetting 
this signal to its 


inactive 
(low) state. 


5 
Acknowledge 
ACK 
This active high signal from the processor 
tells the UDC that the processor 
has 


released 
the system 
bus and the UDC may access 
system 
memory. 


37 
Write Data 
WDATA 
This pin is used to output 
serial data from the UDC to the drive, in either 
FM or 


MFM format. 
In both cases, 
data is output with the most significant 
bit first. 


38 
Late 
LATE 
This output 
(when active high) indicates 
that the current 
flux transition 
appearing 


on WDATA is to be written 
late. 


39 
Early 
EARLY 
This output 
(when active high) indiCQ,tes that the current 
flux transition 
appearing 


on WDATA is to be written 
early. 


27 
Write Gate 
WGATE 
This output 
(when active high) indicates 
the drive should 
allow a write operation. 


40 
Read Data 
RDATA 
This input pin contains 
the serial bit stream 
read from the drive, in either 
FM or 
MFM format. 
Media flux reversals 
are indicated 
by a negative 
transition. 


3 
Read Clock 
RCLK 
This input is generated 
by the external 
data separator. 
Its frequency 
should 
self- 


adjust to the variations 
in bit width in the data stream 
from the drive. This clock 
supplies 
a window 
to indicate 
half-bit-cell 
boundaries. 


26 
Read Gate 
RDGATE 
This output 
pin is used to enable the external 
data separator, 
compensate 
for write 


to read recovery 
time of the drive, and filter out the write splice 
in gaps 2 and 3. 
The timing of this signal 
is dependent 
upon the type of drive (hard or floppy) 
being 


used. 


RDGATE 
is inactive 
at all times except when the UDC is actually 
performing 
a read 


operation 
or an internal 
ECC operation. 


29 
ECCTime 
ECCTM 
When the UDC is used in external 
ECC mode, this output 
pin becomes 
active 


(low) during the time the UDC is reading 
the ECC bytes from memory 
or external 


ECC chip, when executing 
a WRITE 
command. 


It is also active during 
internal 
ECC correction 
operations, 
and for either one 


(write) or two (read) byte times after DIP (pin 30) becomes 
inactive 
following 
a sec- 


tor transfer. 
This shows the system 
processor 
when 
it should 
service 
the UDC 


buffer. 


32,35 
Select 
1,0 
S1,SO 
These 
active high outputs 
are used by external 
logic to select either the source 
or 


destination 
for data transfers 
occuring 
via AB7-0. 
The following 
table defines 
the 


~ific 
transfer 
being called for by the UDC. (Note that S1-0 are valid only when 


STB is active low.) 


STB 
S1 
SO 
AB7-0 
Activity 


1 
X 
X 
S1,SO Invalid 
0 
0 
0 
UDC inputs 
Drive Status 
Signals 
0 
0 
1 
UDC outputs 
DMA address 
bytes 
0 
1 
0 
UDC outputs 
OUTPUT 
1 signals 
0 
1 
1 
UDC outputs 
OUTPUT 
2 signals 


I 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


34 
Strobe 
STB 
This active low output indicates when the host processor should read or write to 
AB7-0, as indicated by S1-0. 
When AB7-0 are used as outputs from the UDC, data is valid anytime this signal is 
active (low). 
When AB7-0 are used as inputs to the UDC, data is clocked in on the ristng edge 
of this signal. 


36 
DEVICE CLOCK 
ClK 
This input is the double frequency clock used by the UDC for all internal timing 
operations.. 
Eight inch hard disk drives (with a nominal bit time of 230 ns) require an input of 
8.696 MHz (115 ns period). 
5.25" hard disks (with a nominal bit time of 200 ns) require a 10 MHz input (100 ns 
period). 
Eight inch, 5.25" and 3.5" floppy drives all require a 10 MHz clock, which is inter- • 
nally prescaled by the UDC to the correct frequency, as determined from the Drive 
Select command and MODE register. 
This input requires an external pull-up resistor, as it is not TTl-level compatible. 
'See figure 2. 


31 
Reset 
RST 
This active low input will force the UDC into the following known state: 


INT-Inactive low 
WDATA-Inactive low 
~-Inactive 
high 
DMAR-Inactive low 
EARLY-Inactive low 
CiD"-lnput 
AB7-0-lnput 
lATE-Inactive 
low 
R/W-Input 
DB7-0-lnput 
WGATE-Inactive low 
DIP-Inactive low 
RDGATE-Inactive low 
ITS-Input 
An active low on this pin has the same effect as a RESET Command. 


33 
DMAClock 
DMAClK 
All UDC DMA operations will be synchronized to this clock input. Three DMAClK 
periods are required for each DMA byte transfer. 


OVERVIEW 
OF UDC REGISTERS 


The HOC 9224 has three types of internal, 
processor 


addressable 
registers; 
Read/Write, 
Read Only, and Write 


Only. These registers are addressed 
by an internal register 


pointer 
that 
is set by the SET 
REGISTER 
POINTER 


command. 


All register 
data is passed to and from the UDC via the 


data bus (DB7-0). 


The 
internal 
register 
pointer 
is automatically 
incre- 


mented with each register access until it points to the DATA 
Register. This insures that all subsequent 
register accesses 


will address the DATA register. 


REGISTER ADDR 
WRITE 
READ 


0 
DMA7-0 
DMA7-0 


1 
DMA15-8 
DMA15-8 


2 
DMA23-16 
DMA23-16 


3 
Desired Sector 
Desired Sector 


4 
Desired Head 
Current Head 


5 
Desired Cylinder 
Current Cylinder 


6 
Sector Count 
Temporary Storage 


7 
Retry Count 
Temporary Storage 


8 
Mode 
Chip Status 


9 
Interrupt/Command 
Drive Status 
Terminator 


A 
Data/Delay 
Data 


COMMAND 
Current Command 
Interrupt Status 


Three 
internal 
registers 
(OUTPUT 
1, OUTPUT 
2, and 


INPUT. DRIVE 
STATUS) which 
are not directly 
address- 


able by the processor 
are accessed 
by the UDC. The infor- 


mation contained 
in these registers is used in disk interfac- 


ing and is input or output on UDC Pins AB7-0. The following 
table describes 
these registers and the signals they output 


or input on AB7-0. 


UDC ADDRESSABLE 
REGISTERS 


DRIVE STATUS REGISTER (input) 
Select Pins S1= 0, SO= 0 


AB7-ECC 
Error 
AB6-lndex 
Pulse 


AB5-Seek 
Complete 
AB4- 
Track 00 
AB3-User 
Defined 
AB2-Write 
Protect 
AB1-Drive 
Ready 
ABO-Write 
Fault 


OUTPUT 1 (Output) 
AB7-Drive 
Select 3 
AB5-Drive 
Select 1 
AB3-Programmable 
Outputs (see text) 
AB1-Programmable 
Outputs 


Select Pins S1 = 1, SO= 0 


AB6-Drive 
Select 2 
AB4-Drive 
Select 0 
AB2-Programmable 
Outputs 


ABO-Programmable 
Outputs 


OUTPUT 2 (Output) 
AB7-Drive 
Select 3 
AB5-Step 
Direction 
AB3-Desired 
Head (Bit 3) 


AB1-Desired 
Head (Bit 1) 


Select Pins S1 = 1, SO= 1 


AB6-Reduce 
Write Current 


AB4-Step 
Pulse 
AB2-Desired 
Head (Bit 2) 


ABO-Desired 
Head (Bit O) 


Additionally, 
several registers (DMA7-0, DMA15-S, DMA23-16, 
DESIRED 
SECTOR, 
DESIRED 
CYLINDER, 
SECTOR 
COUNT, and RETRY COUNT) serve an alternate purpose. These registers are used by the FORMAT TRACK command 
to hold parameters. 
This alternate 
register utilization 
is described 
in detail under the FORMAT TRACK command. 


DMA7-0 
(R/W Register; Address 0) 
This S-bit read/write 
register is loaded with the low order 


byte (MSB 
in bit 7) of the DMA buffer 
memory 
starting 


address. 
DMA 15-8 
(R/W Register; Address 1) 


This S-bit read/write 
register 
is loaded with the middle 


order byte (MSB in bit 7) of the DMA buffer memory starting 
address. 
DMA23-16 
(R/W Register; Address 2) 


This S bit read/write 
register 
is loaded with the high order 


byte (MSB 
in bit 7) of the DMA buffer 
memory 
starting 


address. 


Prior to the data transfer 
portion of a read or write com- 


mand, the UDC writes the contents of the DMA registers to 
an external counter. This transfer 
(from the registers to the 


external counter) 
is accomplished 
by the UDC with 3 sep- 


arate outputs 
on AB7-0, 
with the contents 
of DMA 24-16 


being transfered 
first. (In memory 
areas that require less 


than 24 bit addressing, 
the higher order bits are overwritten. 


The external counter 
must be incremented 
with the UDC's 


DS signal after each byte transfer. 


If, during read operations, 
an error is detected during the 


data transfer, a retry will occur (if so programmed), 
and the 


three DMA registers will re-initialize 
the external counter to 


the original starting 
address. 


During 
multiple 
sector 
read/write 
operations, 
the DMA 


address 
contained 
in the DMA registers 
will be incre- 


mented 
by the size of the sector selected 
at each sector 


boundary. 
This 
ensures 
that during 
read operations 
the 


address 
contained 
in the DMA registers 
always 
corre- 


sponds to the proper memory starting address of the sector 
currently 
being read. 


c 
c 
c 
a 
a 
a 
u 
u 
U 


AB7-0 
N 
N 
N 
ADD 16-23 
8 
T 
T 
T 
8 
E 
E 
E 


HDC9224 
R 
R 
R 


ADD 8-15 


ADD 0-7 


DESIREDSECTORREGISTER 
(R/W Register; 
Address 3) 


This S-bit read/write 
register 
is loaded with the starting 


sector 
number 
of a multiple 
sector 
read/write 
operation. 
Except for the last sector of the operation, 
this register is 


incremented after each sector is written or read without error. 


If the UDC terminates 
a command 
because 
of an error, 


this register 
will normally 
contain the bad sector number, 
and may be read by the processor. 


DESIREDHEAD REGISTER 
(Write Register; 
Address 4) 


This S-bit write only register is loaded with the 4-bit head 


number, and the upper 3 bits of the desired cylinder number. 


BIT 
7 
ALWAYS 0 
BITS 6-4 
MSBs of the Desired Cylinder 
number 


BITS 3-0 
Desired Head Number. 


The desired 
head 
number 
is output 
on AB3-0 
during 


OUTPUT 
2 times. 


DESIREDCYLINDERREGISTER 
(Write Register; 


Address 5) 


This S-bit write only register is loaded with the Slow order 


bits of the desired cylinder 
(MSB in Bit 7). Combined 
with 


the 3 high order bits loaded into the DESIRED 
HEAD REG- 


ISTER, these 
11 bits form the desired 
cylinder 
number, 


which is checked 
by read and write operations 
during the 


Check ID portion of the command. 
SECTORCOUNT REGISTER 
(Write Register; 
Address 6) 


This S-bit write only register is loaded with the number of 


sectors to be operated 
on by the read or write command. 


This allows multiple sectors on the same cylinder to be either 
written or read. 
RETRYCOUNTREGISTER 
(Write Register; 


Address 7) 


This S-bit write only register 
is loaded with the number 


of times the UDC should retry to read a data field before 
reporting 
an error. Additionally, 
this register is loaded with 


the user programmable 
output signals that the UDC out- 


puts on ABO-3 during OUTPUT 
1times. 


The retry count is loaded (in 1's complement 
format) into 


the 4 most significant 
bits of this register. 


The user programmable 
output signals 
are loaded into 


the 4 least significant 
bits of the register. 
BITS 7-4 
Desired 
Retry Count 
(in 1's complement I 
format) 


BITS 3-0 
User Programmable 
Output Signals 
- 
MODEREGISTER 
(Write Register; Address 8) 


This S-bit write only register defines the operating 
mode 


of the UDG as follows: 
BIT 7 (DRIVE 
DATA TYPE) 


This bit determines 
how the UDC decodes 
data from the 


drive. 


BIT 7 = (1): UDC configured 
for hard disk 
use. 


(Level 
transitions) 


BIT 7 = (0): UDC configured 
for floppy use. (Pulse 


inputs) 


BITS 6,5 (CRC/ECC 
Enable Code) 


These 
bits determine 
the error detection/correction 
code 


generated 
and checked 
by the UDC. 


DB6 
DB5 
CODE 
GENERATED/CHECKED 


0 
0 
CRC 
0 
1 
External 
ECC 
1 
0 
Internal 
32 bit ECC without 
correction 


1 
1 
Internal 
32 bit ECC with correction 


With internal 
EGC selected 
the UDC will transfer 
4 extra 


bytes during reads and writes. Normal CRC checking is still 
done on aliiD 
fields. 


With external ECC selected the UDC will flag an EGG error 
via BIT 7 of the DRIVE STATUS REGISTER. 
Normal CRC 


checking 
is still done on ailiD 
fields. 


If neither internal or external ECC is selected, then the UDC 
will perform CRC checks on both data and ID fields. 
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DRIVE TYPE 
5.25" HARD 
DISK 
8" FLOPPY 
5.25" FLOPPY 


DB2 
DB1 
DBO 
STEP RATE 
STEP RATE 
STEP 
RATE 


1 
1 
1 
12.8 ms 
128 ms 
256 ms 
1 
1 
0 
6.4 ms 
64 ms 
128 ms 
1 
0 
1 
3.2 ms 
32 ms 
64 ms 
1 
0 
0 
1.6 ms 
16 ms 
32 ms 
0 
1 
1 
0.8 ms 
8 ms 
16 ms 
0 
1 
0 
0.4 ms 
4 ms 
8 ms 


0 
0 
1 
0.2 ms 
2 ms 
4 ms 


0 
0 
0 
17.6 us' 
176 us' 
352 us ' 
0 
0 
0 
21.8 us " 
218 us " 
436 us " 


Pulse Width: 
11.2 us 
112 us 
224 us 


'This 
rate applies for SEEK commands 
only 


"This 
rate applies for RESTORE 
commands 
only 


BiT 4 (Single or Double Density) 
This bit determines 
whether the UDC will perform its oper- 


ations in either single or double density. 


BIT 4 = (1) Single Density (FM) Format 
BIT 4 = (0) Double Density (MFM) Format 


BIT 3 (ALWAYS 0) 


BITS 2,1 ,0 (Step Rate Select) 
These bits are programmed 
to select the desired drive step 


rate. Note that all step rates are determined 
by the type of 


drive and density 
selected, 
and are scaled from the CLK 


input. 


The UDC can output extremely rapid step rate pulses if these 
bits are set to 000. This is useful when the UDC is control- 
ling drives which support buffered seeks. For other speeds, 
please refer to the table above. 


INTERRUPT/COMANO 
TERMINATION 
REGISTER 


. (Write Register; 
Address 
9) 


This 8-bit write only register 
allows the programmer 
to 


mask out a number 
of conditions 
that would cause termi- 


nation of a command. 
(Such termination 
occurs when the 


DONE 
bit in the 
INTERRUPT 
STATUS 
register 
is set.) 
One bit in this register also controls the generation 
of inter- 


rupts when either the DONE bit or the READY 
CHANGE 


bit in the INTERRUPT 
STATUS register go active. 


BIT 7 (CRC PRESET) 
Setting this bit to "1" will cause the CRC register to prese\ 
to 1 for CRC generation 
and checking. 
Setting this bit to 


"0" 
will cause 
the CRC register 
to preset to 0 for CRC 


generation 
and checking. 
ID field CRC and data field CRC or ECC are generated 
and tested from the first A1 HEX byte in the ID field. 


BIT 6 (ALWAYS "0") 
This bit should always be set to "0" by the user. Failure to 
do this may result in unreliable 
operation. 


BIT 5 (INT ON DONE) 
If this bit is set (to "1 "), an interrupt 
will occur when the 


DONE 
bit in the INTERRUPT 
STATUS register 
is set. If 


this bit is reset (to "0"), 
no interrupt 
will be generated 
for 


this condition. 


MARK bit in the CHIP STATUS register goes active, and 
the command 
will terminate 
when the current sector oper- 


ation is completed. 


BIT 3 (USER 
DEFINED) 
If this bit is set (to "1 "), the DONE bit in the INTERRUPT 
STATUS 
register 
will be set when the USER 
DEFINED 


status bit in the DRIVE STATUS register goes active, and 
the command 
will terminate 
when the current sector oper- 


ation is completed. 


BIT 2 (WRITE 
PROTECT) 


If this bit is set to (to "1 "), the write or write format com- 
mand in progress 
will terminate 
and the DONE bit in the 


INTERRUPT 
STATUS register will be set when the WRITE 


PROTECT 
bit in the DRIVE STATUS register goes active. 


BIT 1 (READY 
CHANGE) 


If this bit is set (to "1 "), an interrupt 
will occur when the 


READY CHANGE 
bit in the INTERRUPT 
STATUS register 


is set. If this bit is reset (to "0"), 
no interrupt 
will be gen- 


erated for this condition. 


The user should 
note that as a drive is selected 
or dese- 


lected, 
it is possible 
for the ready 
line from the drive to 


change 
state, and care should 
be taken in the design of 


the interrupt 
handler. 


BIT 0 (WRITE 
FAULT) 


If this bit is set (to "1 "), the write or write format command 
in progress 
will terminate 
and the DONE bit in the INTER- 


RUPT STATUS register will be set when the WRITE FAULT 
status bit in the DRIVE STATUS register is set. The com- 
mand in progress 
will terminate 
when the current 
sector 


operation 
is completed. 


(R/W 
Register; 
Address 
OAH) 


This 8-bit read /write 
register 
serves 
a dual purpose. 


During 
UDC writes, 
data 
is placed 
in this 
register 
for 


recording 
to the disk. During UDC reads, recovered 
data 


is fetched 
from this register 
for storage 
into memory. 
All 


transfers 
occur via DB7-0, under DMA control. 


Additionally, 
this register is loaded with the HEAD LOAD 


TIMER COUNT when the Drive Select command is issued. 
(Note that the actual amount of head load time is this value, 


BIT 4 (DELETED 
DATA MARK) 
times a value predetermined 
by the UDC, based on the 
If this bit is set (to "1 "), the DONE bit in the INTERRUPT 
type of drive selected. 
For more information, 
please see 
STATUS 
register 
will be set when the DELETED 
DATA 
the Drive Select command 
description.) 
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COMMAND REGISTER 
(Write Register) 


This 8-bit write only register is used to pass commands 


to the UDC. Valid commands 
are given to the UDC..Qy 


setting 
C/O high and R/IN active high, while strobing 
OS 


active (low). 


CURRENT HEAD REGISTER 
Read Register; 
Address 4) 


This 8-bit read only 
register 
is updated 
from the disk 


when a valid 10 field sync mark is found while executin~ a 
read 10 field command 
sequence. 
This register 
contains 


the actual 
head number, bad sector flag, and the 3 most 
significant 
bits of the cylinder 
number, as specified 
during 


formatting. 


BIT 7 = (1) Last s~ctor read had BAD SECTOR 
bit set 


BIT 7 = (0) Last sector read had BAD SECTOR bit reset. 


BITS 6-4 Three most significant 
bits of the current cylinder. 


(Most significant 
bit in Bit 6.) 


BITS 3-0 Current Head Number (MSB in bit 3). 


CURRENT CYLINDER REGISTER 
(Read Register; 
Address 5) 


This 8-bit read only register is updated from the disk when 


a valid 10 field sync mark is found while executing a read 10 
field command 
sequence. 
This register will contain the 8 


least significant 
bits of the cylinder 
10 number, as specified 


during formatting. 
(The 3 most significant 
bits of the 11 bit 


cylinder 
10 number are contained 
as part of the CURRENT 


HEAD REGISTER.) 


INTERRUPT STATUS REGISTER 
(Read Register) 


This 8-bit read only register contains 
status information 


associated 
with interrupt 
conditions 
and errors that occidi 


during disk QQeration. This register is read by setting C/O 
high, and R/W high. 


When the Interrupt Status register is read, the INT output 


signal from the UDC will be reset (to an inactive low level). 


BIT 7 (INTERRUPT 
PENDING) 
A "1" indicates 
that either DONE bit or READY CHANGE 


bit has gone active. The user may disable these interrupts 
by setting 
the appropriate 
bits in the INTERRUPT/COM- 


MAND TERMINATION, 
REGISTER. This bit is reset (to "0") 
by reading the Interrupt Status register. 


BIT 6 (DMA REQUEST) 
A "1" indicates that the UDC requires a data transfer either 
to or from its data register. This bit is reset (to "0") by the 
data transfer. 


BIT5(DONE) 
A "1" indicates that the current command is completed. This 
bit is reset (to "0") when a new command 
is issued. 


BIT 4,3 (COMMAND 
TERMINATION 
CODE) 
(Valid only when DONE is set) 
These 
two 
bits 
indicate 
the 
command 
termination 
conditions: 


BIT4 
BIT3 
CONDITIONS 


0 
0 
Successful command termination 


0 
1 
Execution error in READ 10 
Sequence 
1 
0 
Execution error in SEEK Sequence 
1 
1 
Execution error in DATAfield 


More detailed 
command 
termination 
error information 
is 


obtained 
by reading the Chip Status register. 


BIT 2 (READY 
CHANGE) 


A "1" indicates 
that the "ready" 
signal from the drive has 


experienced 
a low-to-high 
or high-to-Iow 
transition. 
(This 


shows that the drive has either become 
ready or become 


not ready.) This bit is reset (to "0") by reading the Interrupt 
Status register. 


BIT 1 (OVERRUN/UNDERRUN) 
A "1" indicates 
that a overrun 
or underrun 
condition 
has 


occured during a read or write command. 
These conditions 


occur when the UDC does not receive an acknowledge 
(to 


a DMA request) by the time a byte is ready for transfer to or 
from the processor. 
This bit can only be reset (to "0") with a RESET command 
or a high on the RESET pin. 


BIT 0 (BAD SECTOR) 
A "1" indicates that a bad sector (as indicated from the MSB 
of the head 10 byte in the 10 field) has been encountered. 
This bit is reset when a new command 
is issued, or a good 


sector is read. 


CHIP STATUSREGISTER 
(Read Register; Address 8) 


This 8-bit read only register supplies additional 
chip sta- 


tus information. 
The information 
in this register is only valid 


between 
the time that the DONE bit is set in the INTER- 


RUPT STATUS register and the time when the next com- 
mand is issued to the UDC. 


BIT 7 (RETRY 
REQUIRED) 


If a retry was attempted 
by the UDC during the execution of 


any read or write command, 
this bit is set (to "1 "). 


BIT 6 (ECC CORRECTION 
ATTEMPTED) 


If the internal ECC circuitry 
has attempted 
to correct a bad 


sector, this bit is set (to "1 "). 


BIT 5 (CRC/ECC 
ERROR) 


If the UDC detects a CRC error or an ECC error, this bit is 
set (to "1 "). 


BIT 4 (DELETED 
DATA MARK) 


If the UDC reads a deleted data mark in the 10 field, this bit 
is set (to "1 "), otherwise 
it is reset (to "0"). 


BIT 3 (SYNC ERROR) 
If the UDC does not find a sync mark when it is attempting 
to read either an 10 or data field, then this bit is set (to "1 "). 
The command 
being executed will terminate 
when this bit 


is set. 
I 


BIT 2 (COMPARE 
ERROR) 


If the information 
contained 
in the DESIRED 
HEAD and 


DESIRED 
CYLINDER 
registers 
does not match that con- 


tained in an 10 fieid on the disk, this bit is set (to "1 "). The 
command 
being executed will terminate 
when this bit is set. 


BIT 1,0 (PRESENT 
DRIVE SELECTED) 


These two binary encoded bits represent the drive currently 
selected 
and correspond 
to the Drive Select bits set in the 


Output 1 and Output 2 latches. 


BIT1 
BITO 
DRIVE SELECTED 


0 
0 
0 
0 
1 
1 


1 
0 
2 


1 
1 
3 


DRIVE STATUS 
REGISTER 
(Read Register; 
Address 9) 
This a-bit read only register contains 
status information 
generated 
by the drives, external 
ECC Chip (if any), and a 
user definable 
input to the UDC from the drive. 


To save pins on the UDC, the a status lines are input on 
AB7-0 and are latched in this internal register. The UDC will 
update this register whenever 
it is not using AB7 -0 to output 
DMA counter values, OUTPUT 1, or OUTPUT 2 data. When 
configured 
as described 
below, the UDC will input drive sta- 
tus signals and interpret them as follows. In all cases, a logic 
"1" is considered 
the active input. 


BIT 7 (ECC ERROR) 
This bit is set (to "1 ") when the ECC ERROR signal is gen- 
erated by an external 
ECC chip. This signal is input to the 
UDConAB7. 


BIT 6 (INDEX) 
This bit is set (to "1") 
when the INDEX 
signal 
from the 
selected 
drive 
is active. 
Typically, 
index pulses 
from the 
drives are active for 1Ous-1 OOus for each disk revolution. 
This signal is input to the UDC on AB6. 


BIT 5 (SEEK COMPLETE) 
This bit is set (to "1 ") when the SEEK COMPLETE 
signal 
from the selected 
drive is active. This bit will go active when 
the heads of the selected drive have settled over the desired 
track (at the completion 
of a seek). 
When a drive supplies this signal, reading and writing should 
not be attempted 
until SEEK COMPLETE 
is set (to "1 "). 
This signal is input on AB5. 
For floppy disk operation, 
where the drives normally do not 
provide this signal, a retriggerable 
one shot could be used 
to generate 
a SEEK COMPLETE 
signal (if desired). 


BIT 4 (TRACK 
00) 
This bit is set (to "1") when the TRACK 
00 signal from the 
selected drive is active. This indicates that the heads on the 
selected drive are positioned over track O.This signal is input 
on AB4. 


BIT 3 (USER 
DEFINED) 
This bit is set (to "1") when the USER DEFINED 
signal is 
active. This signal is input on AB3. 


BIT 2 (WRITE 
PROTECT) 
This bit is set (to "1") when the WRITE 
PROTECT 
signal 
from the selected drive is active. When set, this bit indicates 
that the disk in the selected 
drive is write protected. 
This 
signal is input on AB2. 


BIT 1 (READY) 
This bit is set (to "1") 
when the READY signal from the 
selected drive is active. When set, this bit indicates that the 
.drive is ready to execute commands. 
This signal is input on 
AB1. 


.BIT 0 (WRITE 
FAULT) 
This bit is set (to "1 ") when the WRITE 
FAULT signal from 
the selected 
drive is active. This signal, when active, indi- 
cates that a condition 
exists at the drive that would cause 
improper writing on the disk. This signal is input to the UDC 
on ABO. 


TEMPORARY 
STORAGE 
REGISTERS 
The UDC contains two temporary storage registers, used 
by the UDC for internal 
operations. 
The host processor 
should 
not attempt 
to read or modify these 
registers, 
as 
unpredictable 
results may occur. 


The HDC 9224 has 16 high-level 
commands 
that provide 
the user with a high degree of flexibility 
and control. All of 
the commands 
for the UDC can be thought of as falling into 
one of two basic groups. 
The first group handles the "housekeeping" 
required by the 
drives and the UDC itself. These commands 
are: 
RESET 
STEP OUT 1 CYLINDER 
STEP IN 1 CYLINDER 
SET REGISTER 
POINTER 
DRIVE SELECT 
RESTORE 
DRIVE 
DESELECT 
DRIVES 
POLL DRIVES 


The second 
group 
comprises 
the "READ/WRITE" 
func- 
tions required 
in a magnetic 
disk subsystem. 
These com- 
mands are: 
SEEK/READ 
ID 
TAPE BACKUP 
(READ/ 


FORMAT TRACK 
WRITE) 
READ TRACK 
READ SECTORS 
LOGICAL 
READ SECTORS 
PHYSICAL 
WRITE 
SECTORS 
LOGICAL 
An internal status byte, which contains the BAD SECTOR, 
DELETED 
DATA and OVER/UNDER 
RUN bits, along with 
the current state of the READY, WRITE PROTECT, WRITE 
FAULT, and USER DEFINED 
lines, is checked 
at various 
times during command 
execution. 
This internal status byte is examined 
before the execution 
of all READ/WRITE 
commands, 
and is also checked just 
prior to the completion 
of all commands 
(except for RESET, 
where its values would be meaningless.) 
This byte is also checked by the UDC between sector oper- 
ations 
during 
the execution 
of READ 
LOGICAL, 
READ 
PHYSICAL, 
WRITE 
LOGICAL 
and WRITE 
PHYSICAL 
commands. 


The UDC makes decisions 
regarding 
command 
termina- 
tion and interrupt generation 
based on the contents of this 
status byte, and the state of the bits in the INTERRUPT/ 
COMMAND 
TERMINATION 
register. (Note that "write pro- 
tect" and "write fault" 
status may cause command 
termi- 
nation only during write and format operations.) 


All commands 
(except RESET) 
terminate 
with the DONE 
bit in the INTERRUPT 
STATUS register being set. This bit 
may also be considered 
to be an inverted 
"busy" 
line, as 
the UDC resets it upon receipt of a valid command. 


During all READ/WRITE 
group commands 
(except FOR- 
MAT TRACK and BACKUP), 
the UDC utilizes some com- 
mon command execution sequences. 
Prior to entering each 
sequence 
the UDC sets the COMMAND 
TERMINATION 
bits (in the INTERRUPT 
STATUS register) to a known state. 


If a command 
fails to execute properly, these bits may then 
be used to determine 
where the command 
aborted. 


The sequences 
common to the READ/WRITE 
group com- 
mandsare 
as follows: 


1. READ ID FIELD 
(Command 
Termination 
Code = 0-1) 
First, the UDC attempts to find an ID Field Sync mark. 
If no sync mark is found within 33,792 byte times (byte 
time = time to read one byte from the type of drive 
selected), 
the SYNC 
ERROR 
bit (in the CHIP STA- 
TUS 
register) 
is set (to "1 "), and the command 
is 
terminated. 


During 
this 
phase, 
the 
UDC 
will 
raise 
and 
drop 
RDGATE up to 256 times (as it attempts to read each 
sector on the cylinder). 


READ 
ANY 
10 


FIELD 
FROM 


CURRENT 
CYLINDER 


READ 
AND 
VERIFY 
10 FIELD 
FROM 
CURRENT 
CYLINDER 


After 
the 
10 Field 
is found, 
the UDC reads 
it and 


updates 
it CURRENT 
HEAD and CURRENT 
CYL- 


INDER registers. 
This information 
was written to the 


disk during formatting. 


Next, the UDC checks the CRC of the 10 field which 
was read. If it is incorrect, 
the UDC sets (to "1") the 


CRC ERROR status bit (in the CHIP STATUS regis- 
ter) and terminates 
the command. 


If the CRC is correct, 
the UDC then calculates 
the 


direction and number of step pulses required to move 
the head from the current 
cylinder 
to the cylinder 


specified 
in the DESIRED 
HEAD REGISTER. 
These 


pulses, 
and the direction 
bit are output 
during 
the 


OUTPUT 
2 times. 


If a command should terminate while in the sequence, 
the COMMAND 
TERMINATION 
bits will be set to 


0-1. 


2. VERIFY 
(Command 
Termination 
Code = 1-0) 


Afterthe 
UDC has read the 10 Field, it attempts to ver- 
ify that it has found the correct cylinder. To do this, the 
UDC tries to find an 10 Field sync mark on the selected 
disk. If the UDC is unable to find an 10 Field sync mark 
within 33,792 byte times, the SYNC ERROR bit (in the 
CHIP 
STATUS register) 
is set to "1", and the com- 


mand is terminated. 


The UDC, after finding the 10 Field sync mark, then 
reads the 10 field and compares 
the information 
on 


the disk to the information 
contained 
in the DESIRED 


CYLINDER, 
DESIRED 
HEAD and DESIRED 
SEC- 


TOR registers. 


The UDC will hunt for sync marks and read 10 fields 
until the desired sector is found. If the desired sector 
is not located 
within 
33,792 
byte times, 
then the 


COMPARE 
ERROR bit (in the CHIP STATUS regis- 


ter) is set to "1", and the command 
is terminated. 


After the correct sector is found, the UDC checks the 
CRC forthe 
sector 10 Field. If this is found to be incor- 


rect, the UDC sets to "1" the CRC/ECC 
ERROR bit 


in the 
CHIP .sTATUS 
register, 
and the 
command I 
is terminated. 


(When the UDC is executing 
a READ PHYSICAL 
or 
- 
WRITE 
PHYSICAL 
command, 
10 Fields are checked 


only until the first sector to be transfered 
is found. No 


10 Field checking 
is performed 
on subsequent 
sec- 


tors, although CRC checking 
is done.) 


If a command should terminate while in this sequence, 
the COMMAND 
TERMINATION 
bits will be set to 


1-0. 


3. 
DATA TRANSFER 
(Command 
Termination 
Code = 1-1) 


If a READ 
PHYSICAL 
or READ 
LOGICAL 
com- 


mand is being executed, the UDC will try to find a data 
sync mark (FBhex or F8hex) on the disk. If the sync 
marl<found is F8h, then the UDC will set the DELETED 
DATA MARK bit in the CHIP STATUS register. 
After a data sync mark is found, the UDC then updates 
its CURRENT 
HEAD 
and CURRENT 
CYLINDER 


registers from the information 
found on the disk and 


initiates a DMA request. If the host processor does not 
respond to the request within 1 byte time, then the UDC 
will set to "1" the OVER/UNDERRUN 
status bit in the 


INTERRUPT 
STATUS register, and the command will 


terminate. 
Using DMA, the UDC transfers a sector's worth of data, 
and then reads the ECC and/or CRC bytes. If a CRC 
error or uncorrectable 
ECC error is detected, the UDC 


will 
decrement 
the 
RETRY 
REGISTER, 
set the 


RETRY REQUIRED 
status bit (in the CHIP STATUS 


register), and return to the VERIFY sequence. 
If the UDC cannot read the sector, and the count inthe 
ENTRY COUNT register has expired, then the CRCI 
ECC Error bit (in the CHIP STATUS register) 
is set, 


and the command 
terminates. 
During a multi-sector 
transfer, the UDC updates the 
DMA registers after all sector operations, including the 
last one, and the SECTOR 
COUNT 
register 
is dec- 


remented. 
If the SECTOR 
COUNT register equals 0, 
then the command 
is terminated. 
If the SECTOR 


COUNT 
register is not equal to 0, then the UDC will 
increment 
the DESIRED 
SECTOR 
register, ?e-initial- 


ize the RETRY COUNT register (to its original value) 
and return to the VERIFY sequence. 


If a command should terminate while in this sequence, 
the command 
termination 
bits will be set to 1-1. 


COMMAND 
DESCRIPTION 


RESET 
(Hex Value = 00) 


This command 
causes the UDC to return to a known state. 


This command 
allows the system software to reset the chip, 


and has the same effect as RST input becoming 
active. 


DESELECT DRIVE 
(Hex Value = 01) 


This command 
causes 
all of the drive select 
bits (Drive 


Select 0-3) in the OUTPUT 
1 and OUTPUT 
2 registers to 


become inactive. 


RESTORE DRIVE 
gHexValues = 02,03) 


This command 
will cause 
the HD 
9224 to output 
step 


pulses to the selected 
drive, so as to move the head back 


to Track 00. Before each step pulse, the UDC first checks 
the TRKOO and READY bits in the DRIVE STATUS register. 
If TRKOO is active (high) or READY is inactive (low), then 
the UDC will terminate 
the command. 


The UDC will output up to 4096 step pulses. If the drive does 
not respond with an active (high) TRKOO signal within this 
period, the UDC will terminate the command with the DONE 
bit set (to "1 ") and the COMMAND 
TERMINATION 
CODE 


bits set to 1-0. (These 
bits are contained 
in the INTER- 


RUPT STATUS register.) 
This command 
takes two forms: 


COMMAND BYTE 
RESULT 


02 
The command will terminate, and an inter- 
ruptgenerated after the UDC has issuedthe 
step pulses. 


03 
The command will terminate, and an inter- 
rupt generated after the drive has provided 
a SEEK COMPLETE signal to the UDC. 
(This is useful in systems with "buffered 
seek" drives.) 


This command 
uses the step rate value loaded 
into the 


MODE register. 


STEP IN 1 CYLINDER 
(Hex Values = 04,05) 


This command 
will cause the HDC 9224 to issue one step 


pulse towards the inner most track. This command 
is gen- 


erally used during track formatting, 
and takes two forms: 


COMMAND BYTE 
RESULT 
04 
The command will terminate, and an inter- 
rupt generated after the UDC issues the 
step pulse. 
05 
The command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec- 
ognition of SEEK COMPLETE the UDC will 
generate an interrupt. 


This command 
uses the step rate value programmed 
into 


the MODE register. 


STEP OUT 1 CYLINDER 
(Hex Values = 06,07) 


This command 
will cause the HDC 9224 to issue one step 


pulse towards the outer most track (Track 00). This com- 
mand is generally 
used during track formatting, 
and takes 


two forms: 


COMMAND BYTE 
RESULT 


06 
This command will terminate. and an inter- 
rupt generated after the UDC issues the 
step pulse. 


07 
This command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec- 
ognitionof the SEEK COMPLETE,the UDC 
will generate an interrupt. 


This command 
uses the step rate value programmed 
into 


the MODE Register. 
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POLL DRIVES 
(Hex Values = 10 thru 1F) 
This command 
polls the drives for a SEEK 
COMPLETE 


signal allowing the user to perform simultaneous 
seeks on 


up to four drives. 
Polling is enabled 
by setting 
(to 1) the 


appropriate 
bit in the command 
word: bit 0 for drive 0 thru 


to bit 3 for drive 3. 
This command 
executes as follows: 


The UDC will output a drive select for the first drive in 
the polling 
sequence 
and look for a SEEK 
COM- 
PLETE status input from the polled drive. If the polled 
drive has not completed 
a seek, then this line remains 


low (logic 0), and the UDC selects the next drive in the 
polling sequence. This continues until the UDC detects 
a SEEK COMPLETE 
signal from a drive, which causes 


the DONE bit in the Interrupt Status register to be set, 
and the command 
terminates. 
The UDC will continue to select the drive that produced 
the SEEK COMPLETE 
signal, allowing the user to read 
the DRIVE STATUS register to determine 
which drive 


caused the command 
termination. 


The 
POLL 
DRIVES 
command 
must 
be 
preceeded 
by 


DESELECT. 


DRIVE SELECT 
(Hex Values = 20 thru 3F) 


This command 
will cause one of (up to) four drives to be 


selected 
for operation. 
Any previously 
selected 
drive is 


deselected 
by this command. 
Bits 0 and 1 in the command 


word indicate (in binary form) which of the (up to) four drives 
has been selected. 


COMMAND 
WORD 
DRIVE 


DB1 
DBO 
SELECTED 


0 
0 
Drive 0 


0 
1 
Drive 1 


1 
0 
Drive 2 


1 
1 
Drive 3 


Decoded 
drive select signals are then placed on the data 


bus (via AB7-AB4) 
during OUTPUT 
1 times and should be 


latched externally. 
Since the HDC 9224 can interface both hard disks and floppy 
disks to a processor, 
the Drive Select command 
needs to 


also specify the type of drive being selected. Bits 2 and 3 in 
the command 
word are used to pass this information 
to the 


chip, and take the following 
form: 


COMMAND 
WORD 
TYPE 


DB3 
DB2 
OF DRIVE 


0 
0 
Hard 
disk 
with 
ST506 
(Seagate) 
compatible 
format-256 
byte data 
field and 3 byte ID field per sector. No 
internal 
clock prescaling 
performed. 


0 
1 
Hard disk 
with 
user 
defineable 
for- 
mat. This format 
allows 
a data field 
length of 128, 256, 512, 1024, 2048, 
4096,8192, 
or 16384 
bytes 
with 4 
byte 
ID field 
per sector. 
No internal 


clock pre-scaling 
is performed. 


1 
0 
8 inch 
floppy 
disk, 
with 
standard 
4 
byte ID field. An internal 
divider 
cre- 
ates a 1 MHz clock to be compatible 
with standard 
disk data rates. 


1 
1 
5.25 inch floppy disk, with standard 
4 
byte ID field. An internal 
divider 
cre- 
ates a 500 KHz clock to be compat- 
ible with standard 
disk data rates. 


NOTE: 
Microfloppy 
system 
designers 
should 
determine 


whether the drive they have chosen to use in the system is 
compatible 
with 8" floppy drivlls or 5.25" floppy drives, and 


use the appropriate 
values from the table above. 


Note that eight inch Winchester-type 
drives require an 8.696 


MHz system clock. All other drives require a 10 MHz system 
clock. It is not possible for the UDC to derive internally the 
clocks required for floppy disk operation from the 8.696 MHz 
clock required by 8 inch Winchester 
drives. 


To insure compatibility 
with various drives, the HDC 9224 


features a programmable 
head load timer. Head load delay 


may be inhibited by resetting the Delay Bit (Bit 4) in the Drive 
Select command 
word to O. If Bit 4 is set (to 1), then the 


head load delay timer is configured 
with the value in the 


DATAIDELAY 
register 
(Register 
A), multiplied 
by value 


shown below: 


DRIVE 
AND 
HEAD 
LOAD TIMER 
INCREMENT 


FORMAT 
SELECTED 
(BIT 4 = 1 = Delay Enabled) 


5.25" HARD 
DISK 
200 usee 
(Double 
Density) 


5.25" HARD 
DISK 
400 usee 
(Single 
Density) 
(The 
HEAD 
LOAD 
8" FLOPPY 
2msec 
(Double 
Density) 
TIMER 
is set to a value 


8" FLOPPY 
4 msec 
equal to this increment 


(Single 
Density) 
times the number 
in the 


5.25" FLOPPY 
4 msec 


DATA/DELAY 
register.) 


(DOUble Density) 


5.25" FLOPPY 
8 msec 


(Single 
Density 


The Drive Select command 
also optimizes 
certain charac- 


teristics of the HOC 9224 for the type of drive selected. 


IF HARD DISK SELECTED: 
-DMA 
mechanism 
works in burst mode and the bus is 


held for the entire sector transfer. 
-The 
RDGATE 
and WRGATE 
output signals follow the 


timing relationships 
shown in Figures 12A and 12B. 


-The 
GAP lengths are as shown in Table 1. I 


After each sector is successfully read, the SECTOR COUNT 
register 
is decremented. 
If the SECTOR 
COUNT 
register 
is not yet equal to 0 the process 
is repeated 
for the next 
physical 
sector on the track. This command 
also will ter- 
minate if the Index pulse is received from the drive. 
(Note that after the first sector is found, no further compar- 
ison is made against sector numbers found on the disk as 
the DESIRE[) 
SECTOR 
register value may not correspond 
to the next physical 
sector on the disk because 
of sector 
interleaving.) 


This command 
takes two forms allowing the user to specify 
the desired transfer option. The options are specified by Bit 
o in the command 
word, and are: 
BIT 0 = 1 TRANSFER 
ENABLE. The UDC will transfer the 
data fields to (external) 
memory, using DMA. 


BITO = 0 TRANSFER 
DISABLE. 
The 
UDC 
will 
['\JOT 
transfer 
any data to (external) 
memory, 
but all 
error 
detection 
circuitry 
will be enabled 
and 
errors reported. 
This is useful in detecting 
bad 
sectors and tracks on the disk. 


Before 
executing 
this command, 
the user must set the 
RETRY COUNT to O.This is done by loading the high order 
nybble in the RETRY COUNT register to "1111" 
(zero in 1's 
complement 
format). 
Failure to do this will result in unpre- 
dictable 
performance 
because 
the DESIRED 
SECTOR 
register value may not correspond 
to the next physical sec- 
tor on the disk. 


READ TRACK 
(Hex Values 
= 5A and 58) 
When this command 
is issued, the UDC will read the data 
from the entire track on which the selected drive is currently 
sitting: The UDC will begin reading when it detects the lead- 
ing edge of an index mark signal from the drive, and termi- 
nate reading 
when' it detects 
the next leading edge of ah 
index mark signal. Sync detect is performed 
for the 10 field, 
but no error checking 
is done on the data field. 
This command 
allows the user to specify 
a data transfer 
option, using Bit 0 in the command word. These options are: 
BITO = 1 TRANSFER 
ALL DATA The UDC will transfer 
the 10 field and data fields to (external) memory. 


BITO = 0 TRANSFER 
ONLY IDs. The UDC will transfer 
only 10 fields to the (external) 
memory. This is 
useful during tape backup operations. 


READ SECTORS 
LOGICAL 
(Hex Values 
= 5C to 5F) 
When this command 
is issued, the UDC will read up to a full 
track from the selected drive. Prior to reading the data from 
the disk, the UDC will use the information 
in the MODE, 
DESIRED 
CYLINDER, 
DESIRED 
SECTOR and DESIRED 
HEAD registers to locate the correct track, sector and drive 
surface (using the previously described VERIFY sequence). 
(If using drives which support 
buffered 
seeks, BITS 2-0 in 
the MODE 
SELECT 
register 
should 
be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE 
signal 
from the drive prior to entering the verify sequence.) 
READ SECTORS 
PHYSICAL 
(Hex Values = 58 and 59) 
Before the command 
is issued, the system processor 
must 
This command 
will cause the UDC to read up to a full track 
also load the desired 
values 
into the MODE, 
SECTOR 
from the disk. The user specifies 
the MODE, 
DESIRED 
COUNT, RETRY COUNT and the three DMA registers. 
CYLINDER, 
DESIRED 
HEAD, 
and DESIRED 
SECTOR 
When reading multiple sectors, the read command 
must be 
along with the SECTOR 
COUNT. The UDC will find the 
configured 
with ECC correction 
disabled. 
If a hard error is 
requested 
cylinder 
and sector and set up to begin the data 
detected, 
the sector count must be set to one, retry count 
transfer. 
to zero, and ECC correction 
enabled. 
The sector can then 
(If using drives which support 
buffered 
seeks, BITS 2-0 in 
be read and corrected. 
After the error has been corrected, 
the MODE 
SELECT 
register 
should be set to 0-0-0. This 
ECC correction 
can be disabled, 
retry can be re-enabled, 
will cause the UDC to wait for a SEEK COMPLETE 
signal 
and the remainder 
of the data can be read. 
from the drive prior to entering the verify sequence.) 
After the desired track and sector is found and verified, the 
If a BAD SECTOR 
bit is read (from the sector 
II:) field) the 
DATA TRANSFER 
sequence 
begins. After each success- 
UDC will set the COMMAND 
TERMINATION 
bits (in the 
ful sector 
transfer, 
the UDC increments 
the DESIRED 
INTERRUPT 
STATUS register) to 1-0, and set the DONE 
SECTOR 
register 
(except 
after 
the last sector 
is trans- 
bit (in the INTERRUPT 
STATUS register) to 1, and termi- 
ferred), decrements 
the SECTOR 
COUNT register, and re- 
nate the command. 
enters the VERIFY sequence. 
This process continues 
until 
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IF FLOPPY 
DISK SELECTED: 


-DMA 
mechanism 
transfers 
an B-bit byte, and releases 
the bus. 
-The 
RDGATE 
and WRGATE 
output signals follow the 
timing relationships 
shown in Figures 12A and 12B. 


-The 
GAP lengths are as shown in Table 1. 


-The 
CLK input clock is prescaled 
(internally) 
to create 
an internal 
clock compatible 
with the floppy disk data 
rates. 


SET REGISTER 
POINTER 
(Hex Values = 40 to 4A) 
This command 
causes the register pointer to point to a reg- 
ister. The desired register number is loaded into the 4 least 
significant 
bits of the command 
word. (MSB in BIT 3). 
The register 
pointer 
is incremented 
by the UDC on each 
register 
access, 
until it points to the DATA register. This 
reduces the number of times the user must set the register 
pointer during read and write operation. 
Care should be taken to ensure that only valid register val- 
ues are loaded 
into the command 
word. 
(Valid register 
numbers 
are 0 thru OAH.) 


SEEK/READ 
ID 
(Hex Values = 50 to 57) 
This command 
will cause the UDC to read the first sector 
10 field found from the currently 
selected 
drive, head, and 
cylinder. The MODE register should contain the correct value 
for step rate and density options. 
After reading 
the ID field the UDC will examine the com- 
mand word and execute the specified 
options. Bits 2 thru 0 
in the command 
word are used to specify 
the following 
options: 


BIT 2 = 1 STEP ENABLE. 
The UDC will execute the step 
sequence, 
and position 
the head on the track 
specified 
by the DESIRED 
CYLINDER 
register. 
BIT 2 = 0 STEP DISABLE. 
No step pulses will be issued 
by the UDC. 


BIT 1 = 1 WAIT FOR COMPLETE. 
The UDC will proceed 
to the verify sequence 
only after the drive has 
issued a SEEK COMPLETE 
signal. 


BIT 1 = 0 DO NOT WAIT FOR COMPLETE. 
The UDC will 
proceed to the verify sequence after the last step 
pulse has been issued. 


BIT 0 = 1 VERIFY 
10. The UDC will execute the VERIFY 
sequence 
after operations 
selected 
by the pre- 
vious options have finished. 
BITO = 0 DISABLE 
VERIFY 
10. The UDC will not enter 
the VERIFY 
sequence. 
Instead, the command 
will terminate. 
The order in which these options execute is: STEP, COM- 
PLETE, 
VERIFY 
10. Any combination 
of these option bits 
may be specified 
in the command 
word. 


the SECTOR 
COUNT 
register 
is equal to 0 (or an error 
occurs). 
This command 
has four options, which are specified 
by Bit 
1 and Bit 0 of the command 
word. The four options are: 
BIT 1 = 1 BAD SECTOR 
BYPASS. If, during the read, the 
UDC finds a sector with the BAD SECTOR 
bit 
set (from the sector 10 field on the disk), the sec- 
tor be skipped, 
the sector count will not be dec- 
remented, 
and the sector 
number 
will not be 


changed. 


BIT 1 = 0 BAD SECTOR 
TERMINATE. 
If, during a read, 


the UDC finds a sector with the BAD SECTOR 
bit set, the UDC will set the COMMAND 
TER- 


MINATION 
CODE to 1-0, set the BAD SECTOR 
status bit and the DONE status bit, and termi- 
nate the command 
(with an interrupt, 
if ena- 
bled). 
All of the above named 
status 
bits are 
contained 
in the INTERRUPT 
STATUS register. 


BIT 0 = 1 TRANSFER 
ENABLED. 
The UDC will transfer 
data from 
the disk to the system. 
The 
DMA 
REQUEST 
status bit (in the INTERRUPT 
STA- 
rus register) will be set when the UDC requires 
servicing. 


BIT 0 = 0 TRANSFER 
DISABLED. 
The 
UDC 
will 
not 
transfer 
data read from the disk, but all error 
checking 
circuitry will be enabled. 


FORMAT TRACK 
(Hex Values 60 to 7F) 
This command 
causes the UDC to format the current cyl- 


inder from the leading edge of one index mark to the leading 
edge of the next index mark. The format chosen is depen- 
dent on the Drive Select command. 
During execution 
of the FORMAT 
TRACK 
command, 
the 
UDC will fetch all required 10 field data from external mem- 
ory, and write it to the disk, along with format constants sup- 
plied automatically 
by the UDC. This reduces the number 
of bytes required to format a sector to 3 or 4, depending 
on 
the format chosen. 
Before the FORMAT 
TRACK command 
can be given, the 
system processor 
must: 


1. Generate 
an 10 Field table for the track in UOC 
memory area. This 10 Field Table consists of: 


CYLINDER 
BYTE 
HEAD BYTE 
SECTOR 
NUMBER 
BYTE 
SECTOR 
SIZE/ECC 
SIZE 
BYTE 
(not required 
for 
ST-506 formats) repeated for each sector on the track. 


22 


14 
0 


25 


6 
2 


29 
10 I 


21 


The UDC can format a track with interleaved 
sectors by 
staggering 
the sector numbers. 
For example, to format a 
32 sector track, with a sector interleave 
factor of 4, the 
system processor 
would set up the 10 Field table sector 
numbers as follows. 
0,8,16,24,1,9,17,25,2,10,18,26,3,11,19, 
27 ... 7,15,23,31. 
(Note that when formatting 
in ST506 mode, only three 
bytes are required for each sector, while four bytes are 
needed for IBM or user defineable formats. Also note that 
sector numbers start with zero (0) on ST506 compatible 
format, 
and start with one (1) on IBM formatted 
floppy 
diskettes. ) 
2. Load the UDC DMA registers with the starting 
address 
of the external memory buffer containing the 10 Field data 
just created. 


sor does not need to re-issue DRIVE SELECT 
b'etween 


cylinders 
as the STEP 
IN and STEP 
OUT commands 


preserve the DMA addresses 
and format parameters. 
It 


is necessary, 
however, 
to update 
the 
10 Field table, 


described 
in #1, above. 


4. Load the DESIRED 
HEAD registerwiththe 
proper value. 


5. Load the following 
values (in the format shown) into the 


registers indicated 
below: 


PARAMETER 
FORMAT 
REGISTER 


GAP 0 Size 
two's complement format 
DMA ?-O 


GAP 1 Size 
two's complement format 
DMA 15-8 


GAP 2 Size 
two's complement format 
DMA23-16 


GAP 3 Size 
two's complement format 
Desired Sector 


Sync Size 
one's complement format 
Desired Cylinder 


Sector Count 
one's complement format 
Sector Count 


Sector Size 
one's complement format 
Retry Count 
Mull. 


FORMAT 
PARAMETERS 
TABLE 


When using ST506/PC 
(fixed length) hard disk format, 
the values for GAP 0 and GAP 1 must both be set to the 
same 
number, 
and loaded 
into the appropriate 
DMA 


register. 
The Sector Size Multiple programs the UDC to format with 
a sector size that is a multiple of 128 data field bytes. For 
example, to format a track with a,sector data field size of 
512 bytes, then the Sector Size Multiple would be set to 
FB hex, which is "4" in one's complement 
notation. 


In ST506/PC 
format, the sector size is fixed at 512 bytes. 
In IBM floppy disk format, the sector sizes allowed are 
128,256,512, 
or 1024 bytes. With user defineable 
hard 


disk formats, allowed sector sizes are 128, 256, 512, 1024, 
2048,4096,8192, 
or 16384 bytes. 
6. Load the MODE register to specify the step rate, single 


or double density option, and CRC/ECC 
options. 
7. Step to the desired track. For the first track, this is nor- 


mally done by issuing a RESTORE 
DRIVE command, to 


return the heads to Cylinder 000, then use the STEP IN 
1 or STEP OUT 1 commands 
to move the head to sub- 


sequent cylinders 
on the disk. 


8. Issue the FORMAT TRACK command. 
All data fields on 


the disk will be filled 
with 
E5 hex. In double 
density 


recording 
(MFM) all gaps will be filled with 4E hex, while 


in single density 
(FM) all gaps will be filled with FF hex. 


This format is compatible for IBM specifications for floppy 
disks. 


9. To Format additional tracks, it is only necessary to update 


the 10 Field table (step 1) and repeat steps 7 and 8. Do 
NOT modify the DESIRED 
HEAD register when format- 


ting additional 
tracks with the same head. If it is neces- 


sary to change the DESIRED 
HEAD register, the system 


processor 
must repeat all steps described 
above. 


The 
FORMAT 
TRACK 
command 
allows 
the user to 


specify several options. 
These options are specified 
by 


setting 
the appropriate 
low order bits in the command 


word. The bit mapping for these options are: 
BIT 4 = 
1 Write Deleted 
Data Mark. During the format 


process, 
the UDC will write the deleted 
data 
mark (F8 hex) for the data address field. 


BIT 4 = 0 
Write 
Normal 
Data Mark. 
During the format 


process, 
the UDC will write the normal data 


field address mark (FB hex). 


Bits 2, 1, and 0 are used to select the Write Precompensa- 
tion value to be used during the format of disks. The follow- 
ing table specifies 
these values: 


SECTOR 
SIZE FIELD BITS 


DB2 DBl 
DBO 
IBM FD FORMAT 
HD FORMAT 


0 
0 
0 
128bytes/sector 
128bytes/sector 


0 
0 
1 
256 bytes/sector 
256 bytes/sector 


0 
1 
0 
512 bytes/sector 
512 bytes/sector 


0 
1 
1 
1024 bytes/sector 
1024 bytes/sector 


1 
0 
0 
not used 
2048 bytes/sector 


1 
0 
1 
not used 
4096 bytes/sector 


1 
1 
0 
not used 
8192 bytes/sector 


1 
1 
1 
not used 
16,384 bytes/sector 


DB? 
DB6 DB5 DB4 
HD FORMAT 


0 
0 
0 
0 
4 ECC bytes generated/checked 


1 
1 
1 
1 
5 ECC bytes generated/checked (1) 


1 
1 
1 
0 
6 ECC bytes generated/checked (1) 


1 
1 
0 
1 
? ECC bytes generated/checked (1) 


note 1:WITH EXTERNAL ECC 


IBM FLOPPY DISK FORMAT: 


ID FIELD 
DB? DB6 DB5 DB4 DB3 DB2 DBl DBO 


CYLINDER 
track number 
HEAD 
side number 
SECTOR 
sector number 
sector size 
SECTOR SIZE 
(2 bits) 


HARD DISK FORMAT: 
ST506 PC FORMAT (512 BYTES) 


ID FIELD 
DB? DB6 DB5 DB4 DB3 DB2 DBl DBO 


CYLINDER 
cylinder number (8 LSB's) 


HEAD 
bad cyl #cyl #cyl # hd # hd # hd # hd # 


sector bit 10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 


flag 


HARD DISK FORMAT: 
(USER SELECTABLE 
SECTOR 
SIZE) 


ID FIELD 


CYLINDER 
HEAD 


SECTOR 
SECTOR SIZE 


DB? DB6 DB5 DB4 DB3 DB2 DBl DBO 


cylinder number (8 LSB's) 


bad cyl #cyl #cyl # hd # hd # hd # hd # 


sector bit 10bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 


flag 
sector number 
ECC type 
X 
sector size 
(3 bits) 


BIT2 
BITl 
BITO 
Precompensation 
(For Floppy Disks) 


0 
1 
0 
None, enable EARLY and LATE 
Outputs 
1 
0 
1 
600 nsec, Minifloppy only 


0 
1 
1 
500 nsec, Minifloppy only 


1 
1 
1 
400 nsec, Minifloppy only 


1 
1 
0 
300 nsec 
1 
0 
0 
200 nsec 
0 
0 
1 
100 nsec 
0 
0 
0 
None, suppress EARLY and 
LATE Outputs 


Before writing data to the selected 
disk drive, the UDC will 
read the current 
ID field, step to the desired 
cylinder 
and 
verify that it has located 
the correct 
cylinder 
and sector. 


(These steps were described 
previously 
under "UDC Com- 
mand Overview"). 


After the "Verify" 
sequence 
is done, the "data 
transfer" 


sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted 
Data Mark (F8 hex) on the disk, as 


selected 
by the user (see below). Then the UDC will trans- 


fer a sector's 
worth of data (using DMA) from the memory 


area specified 
by the DMA registers. 
After writing out the 


sector, CRC or ECC bytes will be written as specified by the 
MODE register. 
Since retries during a write command 
are not valid, the high 
Next, the SECTOR 
COUNT 
register is decremented, 
and 
order nybble of the RETRY register should be set to 0, in 


if not yet equal to 0, the operation 
continues 
for the next 
1's complement 
format (1111). 


logical sector. 
Before writing data to the selected 
disk drive, the UDC will 
This command 
allows the user to specify several options. 
read the current 
ID field, step to the desired 
cylinder 
and 
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WRITE SECTORS 
LOGICAL 
(Hex Values 
AO thru 
SF, 
EOthru 
FF) 
This command 
will cause the UDC to write logically con- 
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 
DESIRED 
SECTOR 
DESIRED 
CYLINDER 
DESIRED 
HEAD 
SECTOR 
COUNT 
DMA 7-0 
DMA 15-8 
DMA 23-16 
MODE 
RETRY COUNT 
Since retries during a write command 
are not valid, the high 


order nybble of the RETRY register should be set to 0, in 
1's complement 
format (1111). 


CALCULATE 
CRC 
OR 
ECC BYTES 
AND 


WRITE 
TO DISK 


These options are specified 
by bits In tne command 
word 


and are as follows: 


BIT 6 = 1 BAD 
SECTOR 
BYPASS. 
The UDC will 


bypass 
the sectors 
with the 
BAD SEC- 


TOR FLAG set in the ID field. 


BIT 6 = a BAD SECTOR 
TERMINATION. 
The UDC 
will 
terminate 
the 
command 
when 
it 


locates 
a sector with the BAD SECTOR 
FLAG flag set in the ID field. In addition, 
the COMMAND 
TERMINATION 
CODE 
Status 
bits will be set to 1-0, the BAD 
SECTOR 
status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 


BIT 5 = 1 WRlTE 
LOGICAL 
COMMAND 
BIT 


(Always 
set 
to 
"1" 
for 
Write 
logical 


command). 


BIT 4 = 1 DELETED 
DATA MARK. Data will be writ- 


ten with a Deleted 
Data Mark (F8 hex) in 
the ID field., 
BIT 4 = a NORMAL 
DATA MARK. Data will be writ- 


ten with a Normal Data Mark (FB hex) in 
the ID field. 


BIT 3 = 1 REDUCED 
WRITE 
CURRENT. 
Setting 


this bit will cause 
the UDC's 
Reduced 


Write Current output to go high. 


BIT 3 = a NORMAL 
WRITE 
CURRENT. 
Resetting 


this bit will cause 
the UDC's 
Reduced 


Write Current output to go low. 


Bits 2, 1, and a are used to select the Write Precom- 
pensation 
value to be used during 
writes 
to disks. 


The table below specifies 
these values. 


BIT2 
BIT1 
BITO 
Precompensation 
(For Floppy 
Disks) 


0 
1 
0 
None, enable 
EARLY and LATE 
Outputs 
1 
0 
1 
600 nsec, Minifloppy 
only 
0 
1 
1 
500 nsec, Minifloppy 
only 
1 
1 
1 
400 nsec, Minifloppy 
only 
1 
1 
0 
300 nsec 
1 
0 
0 
200 nsec 
0 
0 
1 
100 nsec 
0 
0 
0 
None, suppress 
EARLY and 
LATE Outputs 
I 


NOTE: For hard disks, precompensation 
is handled 


with an external delay line, which is connected 
to the 


EARLY and LATE Outputs of the UDC. These lines 
toggle in response to the data pattern being written 
to the disk. 


WRITE 
SECTORS 
PHYSICAL 
(Hex Values 
80 thru 9F, 


COthru 
OF) 


This command 
will cause the UDC to write physically 
con- 
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 


DESIRED 
SECTOR 
DESIRED 
HEAD 
DMA 7-0 
DMA 23-16 
RETRY COUNT 


DESIRED 
CYLINDER 
SECTOR 
COUNT 
DMA 15-8 
MODE 


verify that it has located 
the correct 
cylinder 
and sector. 
(These steps were described 
previously 
under "UDC Com- 
mand Overview"). 
After the "Verify" 
sequence 
is done, the "data 
transfer" 


sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted 
Data Mark (F8 hex) on the disk, as 


selected 
by the user (see below). Then the UDC will trans- 
fer a sector's 
worth of data (using DMA) from the memory 
area specified 
by the DMA registers. 
After writing out the 


sector, CRC or ECC bytes will be written as specified by the 
MODE register. Next, the SECTOR 
COUNT register is dec- 
remented, 
and if not yet equal to 0, the operation 
continues 
for the next physical sector. 
This command 
allows the user to specify several options. 


These options 
are specified 
by bits in the command 
word 


and are as follows: 


BIT 6 = 1 BAD SECTOR 
BYPASS. 
The 
UDC will 
bypass 
the sectors 
with the BAD SEC- 
TOR FLAG set in the ID field. 


BIT 6 = 0 BAD SECTOR TERMINATION. 
The UDC 
will 
terminate 
the 
command 
when 
it 
locates 
a sector 
with the BAD SECTOR 
FLAG flat set in the ID field. In addition, 
the COMMAND 
TERMINATION 
CODE 
Status 
bits will 
be set to 1-0, the BAD 
SECTOR 
status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 


BIT 5 = 0 WRITE 
PHYSICAL 
COMMAND 
BIT 


(Reset 
to 
"0" 
for 
Write 
Physical 
Command). 


BIT 4 = 1 DELETED 
DATA MARK. 
Data 
will be 
written with a Deleted Data Mark (F8 hex) 
in the ID field. 
BIT 4 = 0 NORMAL 
DATA MARK. Data will be writ- 
ten with a Normal Data Mark (FB hex) in 
the ID field. 


BIT 3 = 1 REDUCED 
WRITE 
CURRENT. 
Setting 


this bit will cause 
the UDC's 
Reduced 
Write Current output to go high. 


BIT 3 = 0 NORMAL 
WRITE 
CURRENT. 
Resetting 
this bit will cause 
the UDC's 
Reduced 
Write Current output to go low. 


Bits 2, 1, and 0 are used to select the Write Precom- 
pensation 
value to be used during 
writes to floppy 
disks. The table below specifies 
these values. 


BIT2 
BIT1 
BITO 
Precompensation 
(For Floppy 
Disks) 


a 
1 
a 
None, enable 
EARLY and LATE 
Outputs 


1 
a 
1 
600 nsec, Minifloppy 
only 
a 
1 
1 
500 nsec, Minifloppy 
only 


1 
1 
1 
400 nsec, Minifloppy 
only 


1 
1 
a 
300 nsec 
1 
a 
a 
200 nsec 
a 
a 
1 
100 nsec 
a 
a 
a 
None, suppress 
EARLY and LATE 
Outputs 


TAPE BACK-UP 
(Hex Values = 08 to OF) 


The TAPE BACK-UP command set provides the system with 
the capability 
of transferring 
data to and from a tape drive 
in continuous 
blocks. TAPE 
BACK-UP 
utilizes the UDC's 


DMA, data conversion, 
error detection/correction 
and sec- 


tor count circuitry. 
Because 
of the mechanical 
and electronic 
differences 


between 
tape drives and disk drives, some of the register 


bits described 
earlier 
in this data sheet change 
functions 
when 
the 
UDC is executing 
the TAPE 
BACKUP 
COM- 


MAND. In many cases, the CLK input to the UDC will also 
need to be changed to compensate 
for the slower data rate 
from tape drives. 
TAPE BACKUP 
REGISTER 
DESCRIPTION 
The following 
bits in the UDC's 
register 
file assume 
the 
functions 
listed below when executing the BACK-UP 
com- 


mand and should be programmed 
accordingly. 


The following 
tables 
describe 
the differences 
in register 


usage 
when 
the 
UDC is executing 
the TAPE 
BACKUP 
command. 
(Complete TAPE BACKUP register bit maps are 


located in rear of the data sheet.) 


MODE 
REGISTER 
Bit 2 = 1 
16 byte sync detect 
delay enable 


= a 16 byte sync detect 
delay disabled 


Bit 1 = 1 TAPE 
BACKUP 
Write Enable 
(writing) 


= a TAPE 
BACKUP 
Write Disable 
(reading) 


Bit a = 1 Tape mark enable 
(short block) 


= a Tape mark disable 
(long block) 


RETRY 
COUNT 
REGISTER 


Bits 7-4 
Retry should 
be disabled, 
by setting 
these 
bits to 


"1 ". (Retry 
Disabled) 


Bits 3-0 
program 
outputs 
(user controlled). 
Bit 3 is typically 


llsed for write enable 
to the tape drive. 


Bits a and 
1 are typically 
used 
for tape 
driven 


motion 
control 
as 
per 
drive 
manufacturer's 


specification. 


DESIRED 
CYLINDER 


.Bits 7-4 


DB7 
a 


ECC Type Field: 


DB5 
DB4 
a 
a 


ECCTYPE 


4 ECC bytes generatedl 


checked 
5 ECC bytes generatedl 


checked 
6 ECC bytes generatedl 


checked 
7 ECC bytes generatedl 


checked 


note: 5, 6, 7 byte ECCs are generated 
and checked 
by 
hardware 
external 
to the UDC. 


DB6 
a 


DESIRED 
CYLINDER 


Bit 3 
Always 
1 
Bits 2-0 
Data Block Size: 


DB2 
DB1 
DBO 
a 
a 
a 
a 
·0 
1 
a 
1 
a 
a 
1 
1 
100 
1 
a 
1 
1 
1 
a 
1 
1 
1 


DATA BLOCK 
SIZE 


128 bytes 
256 bytes 
512 bytes 
1024 bytes 
2048 bytes 
4096 bytes 
8192 bytes 
16,384 
bytes 
NOTE: for hard disks, precompensation 
is handled with an 


external delay line, which is connected 
to the EARLY and 
Remember 
that the UDC internal ECC code can correct up 
LATE Outputs of the UDC. These lines toggle in response 
to a 4K byte long Data Block, but that the larger the Data 


to the data pattern being written to the disk. 
Block the greater the probability 
of a mlscorrection. 
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Also, when executing 
the TAPE BACKUP 
command, 
the 
DRIVE SELECT 
command 
is altered slightly, as Illustrated 
below: 


DRIVE SELECT COMMAND 
Bit# 
7 
6 
5 
4 
3 
Drive 
0 
0 
1 
Ramp Up/Down 
1 
Select 
delay enable 


2 
ClK 
divisor 


DB2 
CLOCK DIVISOR FOR TAPE 


o 
ClK is divided by 10 (similar to 8"floppy divisor). 
1 
ClK is divided by 20 (similar to 5.25" floppy divisor). 


These bits, in conjunction 
with Bits 4 and 7 of the MODE 
register, will allow selection 
of both FM and MFM recording 


on tape, with a tape format that resembles 
IBM compatible 
floppy disk formats. 
Setting the Drive Type bits to 1,0 or 1,1 will also cause the 
UDC to take on the following 
characteristics: 


-DMA 
mechanism 
transfers 
a byte 
(8 bits) 
and relin- 


quishes the bus. 


-The 
RDGATE 
and WRGATE 
output signals 
have timing 


characteristics 
as shown in Figures 
12A and 12B of the 
UDCspec. 
-The 
gap lengths are as illustrated 
in Table 1 or the UDC 


spec. 


-Tape format parameters 
will be as per Table 1 of the UDC 


spec. 


COMMAND 
EXECUTION 
OVERVIEW 
The tape backup 
command 
allows the user a convenient 


method of backing 
up either floppy or hard disks to tape. 


The UDC may be interfaced 
to either cartridge 
or cassette 


type tape drives, working 
in either streaming 
or start/stop 
mode. 
Read and Write functions 
of TAPE BACKUP share a com- 


mon command 
byte. The three lSB's 
of the MODE register 


are also used by the TAPE BACKUP command 
to specify 
user options, and to select between tape read or tape wnte 
mode. 
Two kinds of blocks may be specified when reading or writ- 
ing dependent 
on the state of the TAPE MARK ENABLE bit 


in the MODE register: 
1. DATA BLOCK. 
The length of the data block (also 
called a long block) is equal to: 
2n* 128 bytes where n is an integer 
between 
0 and 
7 inclusive. 
The 
desired length of the data block (2n) 
is programmed 
into the desired cyl- 
inder register. 
2. TAPE MARK. 
The minimum 
length 
of the tape 
mark (also called a short block) is 3 
bytes. The maximum 
length of the 
tape mark is 257 by1es. The desired 
rength is programmed 
into the sec- 
tor count register. 


Multiple 
data block 
transfers 
are accomplished 
by pro- 


gramming the 1's complement 
of the desired number of data 
blocks to be transferred 
into the sector count register. 


The three lSB's 
of the MODE register function 
as part of 


the BACK-UP 
command 
word. The WRITE 
ENABLE 
bit 


determines 
whether 
loading the BACK-UP 
command 
into 
the UDC will initiate 
execution 
of a BACK-UP 
READ 
or 
BACK-UP 
WRITE 
sequence. 
The TAPE MARK 
ENABLE 
bit determines 
whether 
the UDC will write a short or long 
block of data on the tape and the DELAY ENABLE bit deter- 
mines whether or not the RDGATE signal is stretched when 
it coincides 
with a sync mark when reading the tape. The 


remaining 
bits in the ,command word are as follows: 
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COMMAND 


BACK-UP 
(READING) 
BACK-UP 
(WRITING) 


DB7 DB6 DB5 DB4 DB3 
DB2 DB1 
DBO 


o 
0 
0 
0 
1 
0 
0 
xfer 


enable 


BACK-UP 
READ 
When reading a short block, only CRC is checked. 
When 


reading a long block, CRC or ECC will be checked, depend- 
ing on the CRC/ECC 
bits in the Mode register. 


Bit 0 = 1 Data transfer enabled, 
error checking 
enabled 
= 0 Data transfer disabled, 
error checking 
enabled 


BACK-UP 
WRITE 
When writing, 
the precompensation 
value is derived from 
the ClK 
frequency 
as follows: 


Bit 2 
Bit1 
Bit 0 
Precompensation 
o 
1 
0 
None, enable EARLY and lATE 
1 
0 
1 
6 ClK cycle periods 
o 
1 
1 
5 ClK cycle periods 
1 
1 
1 
4 ClK cycle periods 
1 
1 
0 
3 ClK cycle periods 
1 
0 
0 
2 ClK cycle periods 
o 
0 
1 
1 ClK cycle period 
o 
0 
0 
None, suppress EARLY and lATE 


PRECOMPENSATION SELECT FOR BACK-UP COMMAND 


TAPE BACKUP 
SYSTEM 
CONFIGURATION 
NOTES 


(A schematic 
showing 
a typical 
system 
implementation 
using the TAPE 
BACKUP 
feature 
IS contained 
In Sche- 


matic Diagram 2.) 
1. Proper 
operation 
of the TAPE 
BACKUP 
command 


requires that the tape drive be addressed 
as DRIVE #3 


by the UDC. 


2. During the UDC's OUTPUT 
2 period external circuitry 


must enable a separate latch to receive the user defined 
10 bits and tape track number 
bits. This latch should 


use the DRIVE 
SELECT 
3 signal 
(output 
during 
the 


OUTPUT 
2 period) so that the contents of the latch may 


only be changed when the tape drive is selected. 
Four additional 
drive control signals may be loaded into 


the four lSB's 
of the RETRY 
COUNT 
register. These 


additional 
outputs 
are latched 
externally 
during OUT- 


PUT 1 times for use by the tape drive. These outputs 
would normally be used to control tape drive Write Ena- 
ble logic (bit 3) and tape motion (bits 0 and 1), and tape 
motor on and off (bit 2). 
I 


3. It is important 
to consider 
the time required for a tape 


drive to come up to operating 
speed when uSing the 


TAPE 
BACKUP 
command. 
Also, to in~ure adequate 


spacing 
between 
tape blocks, 
a delay 
is frequently 


required before stopping 
tape motion. The UDC has a 


programmable 
Ra'mp Up and Ramp Down timer to allow 


for easier 
implementation. 
The deSired delaY.ls 
pro- 
grammed 
into the DATA/DELAY 
register before Issuing 


the DRIVE SELECT 
"3" command. 


DENSITY 
BIT 
CLOCK 
MODE 
DIVISOR 
REGISTER 
TIME IN SECONDS 
PER 
BIT 
BIT4 
DELAY REGISTER 
COUNT 


1 
1 (Single) 
1 ClK 
Cycle * 80000 
1 
o (Double) 
1 ClK 
Cycle * 40000 
0 
1 (Single) 
1 ClK 
Cycle * 40000 
0 
o (Double) 
1 ClK 
Cycle * 20000 


+5V 
J, 


" 
LDADD 
STB 


AB? 
, 


30011 
'A 
AB6 
'A 


ClK 
XTAL' 
AB5 
'A 


AB4 
'A 
ADDR 
AB3 
--'p 


RAMEN 
AB2 
'""' 
DECODE 
, 
HDCCS 
AB1 
'-'; 
/' 
ABO 
'-'- 


32K x8 
WE 
WE 
STATIC RAM 


i5E 
DE 


AODR 
D87-0 


~ 
;:.. 


.p 
,---j tI ~ 


CS 
HOC 
DIP 


ADDR 
9225 
BUS 
DE 
r--- 
[? 


AD14-0 


I.. ~ 


LS244 
SEN 
I 


BUS DIR 
cs 


-CD 
CD 


EN - 


EN 
QIR 


087-0 . 
[? 
~ 
----"... 
[? 
,/\- 


< 
LS24S 
-..g 


V 
~ 


'I 
V 


~ 


Y- 
-..!? 


-.Q 


OIR - 
LS24S 


-.Q 
-.Q 
-.Q 
~'-'" 


RW 
C 


SYSR W 


WAIT 
WAIT 
DMACLK 


RESET 
OS 
SYSDS 


f.lp eLK 
ECCTM 


" 


f.lCLKIN 


SECTOR 
INTERRUPT 
ACK 
HDCDS 


INTACK 
HDCRW 


SECTOR 
INTERRUPT 
INT 


svs RESET 


:K 


AAClK 
ST 


+5V 


V -1~ 
ffi- 
EB 
06" 


GNO-r ~:'38~~P 
..b- C 
02 


5' --.:=:- 
B 
0' 
50-A 
00 
,,~ 


WGATE~ 
WDATA 
V 


ROGAlE 


ClK 


_ 
DRIVE 
STATUS 


- 
INDEX 


SEEK COMPLETE 


TRACK 
000 


l5 
244 


~ 
~ 


1Y 
""'" 


WRITE 
PROTECT 


READY 


WRITE 
FAULT 


5FiSE'l1 


DASELO 


OUTPUT 
2 


RED 
WR 
CUR 


OIR 


STEP 


HEADBIT3 


HEAD 
BIT 2 


HEAD 
BIT 
1 


HEAD 
BIT 0 


~f~ 
i5ASELi 


WDOUT 


HOC 9226 


~r- 
S~~~~~~A 
~ 


2C2 -----4 
XTAL 1 ~-----, 
10 MHz 


2Y 2Cl-r-- 
RDATA 
XIAl 
-m- 
RCLK 
XTAL 2 
lC3~ 


,v 
~ 
RAW 
,Clt-_· 
I - 
l~OATA 
AD 


lea 
RClK 
CO~O 


A 
B 
CDl 


-=- 
FDC9216 


ORSEL, 
':'" 
I 
="' 


- 
o 
oo 
Q 


LS374 
o 
Q 


o 
o 
o 
Q 


o 
Q 


- 
o 
o 
Q 
o 
Q 
LS374 
o 
Q 
o 
Q 


o 
Q 
o 
Q 
o 
Q 


tJoA9638 


/t 
l,OO!!l 


,..,A9637 
--...r 


WRPROT 


OIR 


STEP 
WG 


WDATA 


-RDATA 


-MOr 


GND 


.J:. 
FLOPPY 
DISK 


- 
b!lliiE 


lOX 


SEEK 
COMP 
TAKooa 


WRFLT 


READY 


ORSEL 
1 


lOWGUR 


OIR 


STEP 


HEAD 
2 


HEAD 
2 


HEAD 2' 


HEAD 
2' 


WG 


1""""" 


GNO 


HARD 
DISK 
~ 
~ 


+MFM 


WRITE 
DATA 


MFM 


+MFM 


READ 
DATA 


MFM 
r 
GND 
"* 
HAADDISK 


- 
DRIVE I 


The UDC will issue a normal 
interrupt 
(with the com- 


mand termination 
code set to 0-0) when the RAMP UP 


or RAMP DOWN timer has expired. 
4. BACK-UP 
WRITE. The user will first request the UDC 


to perform 
a disk READ 
TRACK 
command, 
with the 


TRANSFER 
ENABLE 
bit in the command 
word reset. 


This will cause 
the UDC to transfer 
only the ID field 


information 
to memory. 
The TAPE 
BACKUP 
command 
will then 
be issued 


causing the UDC to write this ID information 
to the tape 


as a tape mark (typically 
96 bytes for a drive formatted 


with a 3 byte/sector 
ID field or 128 bytes for a drive for- 


matted with a four byte/sector 
ID field. The data fields 


should 
then 
be transferred 
to the tape 
in a similar 


manner. 
The UDC may be used with either "Streaming" 
or "Start! 


Stop" type tape drives. This is illustrated 
by the follow- 


ing examples: 


A. START/STOP 
TAPE DRIVE: 
typically 
transfers 
1f2 or 1 disk track at a time as illus- 


trated by the following 
flow chart: 


When controlling 
a start/stop 
tape drive, the UDC will 
write the data "block by block". The system will issue 
a Drive Select command 
to the UDC with the Tape 


Motion, 
Motor On and Write Enable bits set to start 


and write data to the tape. 
The UDC will interrupt 
the system after the comple- 


tion of the Ramp Up Delay indicating that the tape drive 
is up to speed. This interrupt 
is distinguished 
by the 


Command 
Termination 
Code of 0-0 (normai comple- 
tion of command). 
The System then outputs 
the Write command 
(for a 


long or short block) and waits for the command 
ter- 


mination 
interrupt. 
The UDC will write the Sync mark 
and tape mark or data block on the tape. 
When 
the System 
receives 
the interrupt 
indicating 


completion 
of the Write command, 
it will issue another 


drive select command 
with the Motor On and Write 


Enable bits set to stop the drive. The UDC will inter- 
rupt the system after completion 
of the Ramp Down 


Delay indicating 
that the tape has stopped moving. 
The UDC will turn the Write Gate signal on when it is 
writing data and off when it is not, without 
regard to 


the tape motion. The Write Gate signal is used to gEln- 
erate "gaps" on the tape between the data blocks. This 
is done by externally forcing the two Data outputs with 
the Write Gate signal such that the Data + signal is 
high and the Data 
- 
signal is low when the UDC is 


not writing data to the tape (Write Gate is off): 
--LVE STOPPED 
..--r:VE 
STOPPED 


~ 
GAP ITAPE MARK AND OR DATA BLOCK I 
GAP I~ 
_ 


TAPE SPEED: 


STOPPED 
/ 
\ 
STOPPED 


- 
RAMP DOWN DELAY 


L DRIVESEL 
1. tape motion off 
2. write enable off 
(write or read) 


RAMP UP DELAY 


DRIVE SEL SL BACKUP 
1. tape motion on 
1. read or write 


2. write enable on 
2. longor shortblock 
l 
WrilB) or off 
read) 


B. STREAMING 
TAPE DRIVE: 


typically 
transfers 
1 sector at a time as illustrated 


by the following 
flow chart: 


Control of a streaming 
tape drive is similar to thCltof a 


start/stop 
drive. The tape is started 
at the beginning 


of the data transfer and stopped after the last block is 
written to the tape. The tape is not stopped in between 
blocks. The UDC will however turn the Write Gate sig- 
nal on when it is writing data and off when it is not so 
that gaps will be written 
(with external 
hardware) 
on 


the tape between the data blocks. 


5. BACK-UP 
READ. The data is read from the tape (in 


either 
start/stop 
or streamer 
mode) 
and buffered 
in 


memory. 
The 
disk 
track 
is then 
reconstructed 
from 


the data. 
The start/stop 
drive typically has a track (or half a track) 


'()f disk data stored as a block. It is therefore 
expedient 


to read in the data "block by block". When reading data 
from a streamer drive use can be made of the SECTOR 
COUNT register and a track's worth of data blocks may 
be read from the tape before generating 
the track on 


the disk. 
Tape motion control 
is similar to that described 
above 


except that theWrite 
Enable Bit is off to inhibit writing to 


the tape. The UDC reads the tape until it detects a sync 
mark. After detecting 
a sync mark the UDC will transfer 


the data found on the tape to memory. 


6. The search 
count 
is used when 
reading 
the tape. 
It 


specifies 
a maximum 
number 
of blocks 
of 128 bytes 


between 
adjacent 
data 
blocks. 
If the search 
count 


expires 
before 
sync 
is detected, 
the 
command 
is 


terminated. 
For example, 
if a search 
count of two is specified 
by 


loading the Desired Sector register with FD (hex), the 
UDC will search for 256 byte times before terminating 
the command. 
This will prevent the UDC from acciden- 


tally skipping a block. The search count is typically about 
the size of one block length. In the following figure, TM1 
and TM2 are two tape marks and DB1, DB2, DB3 etc. 
are their associated 
Data Blocks: 


7. 16 BYTE DELAY. Provision is made to shift the RDGATE 


pulse in the event that it coincides 
with the data block 
sync mark. 
If a tape cannot 
be read (sync is never 
detected) the tape can be re-read with the 16 byte delay 
enabled. 


L miss sync mark detect 


8. The DRIVE STATUS bits may be used by the tape drive 


if they are enabled (on the drive) by DRIVE SELECT 
3. 
The ready 
change 
interrupt 
is especially 
handy 
for 


detecting 
start of tape (SOT) and end of tape (EOT) as 


a UDC command can be terminated by a change in state 
of the READY input. 
9. The DATA FORMAT is as follows: 


The Tape Mark sync mark (TMSYNC) 
is composed 
of 


three bytes of A 1 (Hex) followed by one byte of FE (Hex). 
The Data Block sync mark (DBSYNC) 
is composed 
of 


three bytes of A 1 (Hex) followed by one byte of FB (Hex). 
A 1 (Hex) is encoded 
with the standard 
missing 
clock 


pattern. 


The sync mark is preceeded 
by a "preamble" 
consist- 


ing of bytes of 00 as per figure 2 of the UDC spec (this 
is required 
to synchronize 
the data separator 
when 


reading 
the tape). 
The Tape 
Mark 
and Data 
Block 
(including 
CRC or ECC bytes) are followed by a "post- 


amble" consisting 
of one byte of 00. 
Note that the postamble 
is not included 
in the Floppy 


Disk formats. The GAP sizes are dependent 
on the type 


of drive 
(start/stop 
or streamer) 
and 
the 
specific 


mechanical 
tape drive specifications. 


10. Use can be made of the Sector 
Count register 
when 
doing a "file" 
(versus 
a "mirror 
image") 
backup 
on a 


start/stop 
tape drive. Instead of transferring 
the entire 


disk track to the tape in one long block, the data is moved 
file by file. 
If, for example, 
it is desired to back up a file consisting 


of five 256 byte long Hard Disk sectors, a 2048 byte long 
Data Block would have to be used for an image backup 
(the Data Block size is specified 
as 2" * 128 restricting 


blocks to 128, 256, 512 etc.). This would result in a lot 
of wasted space on the tape. 
If file backup is used and the Sector Count is set to five, 
256' byte long Data Blocks can be used. Gaps will be 
generated 
on the tape 
corresponding 
to the time 


required to get the data from the disk drive (correspond- 
ing to DMA delays and the disk interleave factor). 
The tape will not be stopped until the entire file is trans- 
ferred. When using sector count, the UDC internal pro- 
gramming 
will create inter-block 
gaps of about 30 to 32 


bytes on the tape in both single (FM) and double (MFM) 
density modes. 


SYSTEM CONFIGURATION 
NOTES 


A simplified 
UDC schematic 
is shown in Schematic 
1. The 


following notes may be helpful in implementation ofthe UDC. 


1. In systems using a private memory 
area, it is important 


to know when the buffer needs servicing 
from the host 


processor. 
A second 
interrupt 
signal (INT2) signals the 


processor that servicing 
is needed. INT2 is generated 
by 
externally ANDING 
the ECCTM signal with STB1 signal. 


(The STB1 signal is active when the UDC~utputing 
the DMA address 
data, and occurs when STB is active 


(low), SO is active (high) and S1 is inactive (low)). 
This "interrupt" 
occurs 
only when the UDC needs the 


system processor to either read from or write to the buffer 
memory. 
When 
reading 
from the disk, the system pro- 


cessor should empty the memory 
buffer each time this 


signal becomes 
active. (If an ECC error is detected, 
and 


error correction 
is enabled, 
this signal will not become 


active until the UDC has attempted 
to correct the error.) 
When writing data to the disk, the system processor must 
fill the buffer each time this signal becomes 
active. 


2. The DIP (DMA in Progress) 
signal is used to isolate the 


buffer memory from the main system memory. If 74LS244 
and 74LS245 
address 
buffers are used in the memory 
addressing 
circuits, 
then this signal should 
be used to 


enable or disable the address buffers, as required. This 
eliminates the possibility of memory contention problems. 
3. Write precompensation 
(for floppy 
disks) 
is handled 


internally 
by the UDC. For hard disks, 
the LATE and 


EARLY signals are connected 
to a multiplexer 
which, in 


turn is connected 
to a 24 ns delay line. The EARLY and 


LATE signals will toggle in response to the data pattern 
being written. This will allow the data being written to the 
shifted ± 12 ns from the nominal 
12 ns delay specified 


by hard disk manufacturers. 
4. The interface 
to the hard disk drive data inputs and out- 
puts requires 
RS-422 data tranceivers. 
Other disk drive 
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interface 
circuits 
(including 
floppy disk data inputs and 


outputs) 
may be 74LS series devices. 


5. Since the UDC uses its Aux Bus for multiple 
functions, 


the system designer 
must be able to determine 
which 
function 
is occuring 
on the Aux Bus at any given time. 


The SO and S1 signals, when combined 
with STB signal 


are decoded 
(using a 74LS138 or equivalent) 
to provide 


STBO-3 signals. 
I 
These generated 
signals and their respective 
functions 


are: 


STBO 
Drive Status Input Time Slot 
STB1 
External DMA Address Counters Time Slot 


STB2 
Output 1 Time Slot 
STB3 
Output 2 Time Slot 


6. The clocks required by the UDC are not TTL-Ievel 
com- 


patible. 
Pullup resistors 
(typically 
390 ohms) should be 


used with Schottky drivers to insure that the clock signals 
reach the proper Input (high) level, with acceptable 
rise 


and fall times. 
7. The UDC features a built-in DMA controller that requires 
connection 
to external 
counters. 
These 
counters 
are 
configured 
so that they are incremented 
after each byte 
is transferred. 
(The UDC's internal DMA circuits transfer 


the starting memory address for each read or write oper- 
ation.) 74LS161 Counters are typically used in this area. 


8. The DMACLK 
input should be tied to the master system 
clock, through 
a bus buffer. It is important 
to remember 


that ti"lree DMACLK 
periods 
are required for each DMA 


transfer. 


9. The system design may be simplified, and costs reduced, 


by using the FDC 9216B Floppy Disk Data Separator, to 
separate 
raw data from the floppy disk drive into RDATA 
and RCLK. 


ERROR CHECKING 
AND CORRECTION 
CIRCUIT (ECC) 
OPERATING 
PRINCIPLES 
The UDC will automatically 
detect and correct errors in the 
data read from the disk. Error checking 
may be done using 


industry standard 
CRC or ECC encoding. 
Error correction 


may be done using either internal or external ECC encod- 
ing. This section 
will explain 
ECC operation, 
as imple- 
mented on the UDC. 
The UDC contains 
two 16-bit registers 
used by the CRC/ 


ECC circuits. 
CRC logic uses only one of these registers, 


while the logic for ECC uses both registers, 
implementing 


a full 32-bit algorithm. 
These registers 
may be preset to either one or zero, using 


the CRC 
PRESET 
bit in the INTERRUPT/COMMAND 
TERMINATION 
register. 
(This allows 
compatibility 
with 


existing disk controllers and external ECC chips.) Both ECC 
and CRC are calculated 
beginning 
with the sync mark of 


the address (CRC) or data (ECC) field. 


CRC/ECC 
GENERATION 
The UDC uses the following 
industry standard polynomials 


in computing 
the CRC and ECC check bytes: 


CRC: 
x'· 
+x12 
+xs 
+ 1 
ECC: 
X32 + X23 + x21 + x" 
+ x2 + 1 


As the UDC writes data to the disk drive, it first passes this 
data thru the CRC (and, if enabled, ECG) registers. After all 
data has been written, 
the remaining 
two (CRC) or four 


(ECG) bytes remaining 
in these registers are written to the 


appropriate 
address or data field. 


CRC/ECC 
CHECKING 


When CRC or ECC checking 
is initiated, the internal CRC/ 


ECC registers are set to either zero or one, as required by 
the CRC 
PRESET 
bit in the INTERRUPT/COMMAND 


TERMINATION 
REGISTER. 
Data read from the disk is 


simultaneously 
shifted 
thru the CRC/ECC 
registers, 
and 


transferred 
to external memory. 


After the CRC or ECC check bytes have been shifted thru 
the CRC/ECC 
registers, 
the remainder 
in these registers 


should be zero, else an error has occurred 
in the address 


or data block. 


If CRC or ECC (without 
correction) 
is enabled, 
automatic 


retry (if enabled) or command termination 
will occur. If inter- 


nal ECC with automatic 
correction 
is enabled, 
the correc- 


tion algorithm will be executed. If the internal ECC algorithm 
is unable to correct the error (in one attempt), 
then auto- 


matic retry (if enabled) 
or command 
termination 
will occur. 
ECC CORRECTION 
Error Correction 
consists of three distinct parts: 
1. The CRC/ECC 
registers are normalized by shifting zeros 


thru the register. This sets up a data block which is 42,987 
bits long, which 
corresponds 
to the "natural 
message 


length" of the generation 
polynomial. 
The actual number 


of zeros shifted through the registers depends on the dif- 
ference between the natural message 
length of the gen- 


erator polynomial 
and the actual length of the data block 


being checked. 
The longest data block that can be cor- 


rected (using the internal ECC algorithm) 
is 4K bytes. 


2. The data input to the CRC/ECC 
registers 
is then dis- 


abled 
and the DMA counters 
are re-initialized 
to the 


starting 
address for this data block. The contents of the 


CRC/ECC 
registers are then "ring-shifted" 
until 21 con- 


secutive 
zeros are detected. 
The remaining 
bits in the 


CRC/ECC 
registers compose the error syndrome. As the 


CRC/ECC 
registers are shifted, the UDC generates 
DS 


signals, causing the external DMA counters to be incre- 
mented. 
When the 21 consecutive 
zeros are detected, 


the DMA counters 
are pointing to the corrupt data. 


If the error syndrome 
is not found within the data block 


the error is judged to be uncorrectable 
and the correction 


algorithm 
is terminated. 
(The data block is the length of 


the data field in the sector and the 4 ECC bytes. A format 
with a sector size of 256 bytes would have a data block 
size of 260 bytes.) 


3. When the error syndrome 
is detected, 
the UDC will ena- 


ble its ECCTM output, read the next byte from memory, 
exclusive-or 
it with the first byte of the three byte error 


syndrome, 
disable the ECCTM output and write the cor- 


rected byte back to memory. The correction 
process 
is 


then repeated for the next two bytes in memory. 
When using internal ECC (with correction 
enabled), 
the 


ECCTM output is used by the external DMA counters to 
inhibit the counters 
from incrementing 
their addresses 


when correcting 
the erroneous 
bytes. When using exter- 


nal ECC, the ECCTM output goes active (low) when the 
UDC is requesting 
the ECC Check Bytes from the exter- 


nal ECC chip prior to writing them to the disk. 
After a correction is completed, the UDC will then attempt 
to read the next sector 
on the disk 
(if the SECTOR 


COUNT register is still greater than zero). Anytime 
ECC 


correction 
has been attempted, 
(even if unsuccessful), 


the CORRECTION 
ATTEMPTED 
bit in the CHIP STA- 


TUS register will be set. 


The maximum 
time required for one ECC Correction 
Cycle 


(using the internal algorithm) 
is: 


1) (Natural Message 
Length [Bits])+- 4 = ECC Cycle Time 


8 
(in Byte times) 


2) Maximum ECC Time = ECC Cycle Time + 30 byte times 
Since the internal algorithm 
has a natural message 
length 


of 42,987 bits the ECC Cycle time is 5,377 byte times. Since 
a period of about 30 byte times must be allowed for the read- 
modify-write 
operations, 
the Maximum 
ECC Time equals 


5,407 byte times. 


One byte time equals the amount of time required to read 
one byte for the type of drive selected. 
For Hard Disks, this 


is about 
1 microsecond. 
This equates 
to approximately 
1 


revolution 
(maximum) 
for either 8" floppy disk (running 
in 


double density) or 5.25" hard disk. 
During 
the entire operation, 
the RDGATE 
signal 
is kept 


active. 


MAXIMUM 
GUARANTEED 
RATINGS· 
Operating 
Temperature 
Range 
.............................................................•............... 
0 to + 70 C 
Storage 
Temperature 
Range 
- 55 C to + 150 C 
Lead Temperature 
(soldering, 
10 sec.) 
+325 C 
Positive Voltage on any Pin, with respect to ground 
+ 8 V 
Negative Voltage on any Pin, with respect to ground 
- 0.3 V 


·Stresses 
above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 
operation 
of the device at these or at any other condition 
above those indicated 
in the operational 
sections 
of this 
specification 
is not implied. 
NOTE: When powering this device from laboratory 
or system power supplies, 
it is important 
that the Absolute 
Maxi- 


mum Ratings not be exceeded 
or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 


on their outputs when the AC power is switched ofl. In addition, voltage transients 
on the AC power line may appear 
on the DC output. If this possibility 
exists it is suggested 
that a clamp circuit be used. 


DC ELECTRICAL 
CHARACTERISTICS 
Ta = 0 C to + 70 C, Vcc = 5.0V ± 5% 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


Input Voltage 
Low 
High 
High 


Output Voltage 


Low 
High 


all inputs except CLK and DMACLK 
CLK and DMACLK 
input 


all outputs except WDATA, 
Early and Late. (Drive 1 
TTL load into 50 pf) 


lOll = 1.6mA 


IOH1= 40fJoA 


1012 = 2mA 


IOH2= 50fJoA 


10L3 = 004 mA 
IOH3= 20fJoA 


VOL2 
VOH2 


Low 
High 
0.5 
V 
WDATA, EARLY and LATE 
2.7 
V 
outputs. 
(Will drive 1 
Schottky 
load into 15 pl.) 
004 
V 
DMARand 
INT 
204 
V 
DMARand 
INT 


Oo4Vto 3.5V 
±10 
uA 


-600 
fJoA 
OV 


25 
pf 


200 
ma 
I 


Low 
High 


Input Leakage Current 


(Clock) 


Input Capacitance 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


PROCESSOR 
WRITE 
CYCLE 


C/Q. R/'fl, 
CS Setup time to DSl 
Toss 
110 
ns 
FIGURE 3 


C/D. R/W, CS Hold time to DSj 
Toss 
0 
ns 


DS Pulse Width 
TosL 
150 
ns 


DS Pulse Hi~h Time 
TosH 
850 
ns 


Data Bus In 
etup time to DSj 
To1s 
100 
ns 


Data Bus In Hold time to DSj 
T01A 
0 
ns 


PROCESSOR 
READ CYCLE 


Data Access time from DSl 
Toos 
75 
ns 
FIGURE3 


Data Hold time from DSj 
TooA 
10 
ns 


UDC TO MEMORY 
TIMING 


(BUS MASTER) 
(based on 10 Mhz DMACLK 
Input) 


Write Setup time to DS~ 
Tws 
110 
ns 
FIGURE4 
Write Data Strobe Widt 
Twos 
180 
ns 


Write Hold time from DSj 
TWA 
110 
ns 


Data Strobe Falling Edge 
TosF 
15 
ns 


Data Strobe Rising EdgL 
TosR 
20 
ns 


Write Data Valid before DS& 
Twos 
90 
ns 


Write Data Hold time after 
Sj 
TwoA 
10 
ns 


Memory Access Time 
Tw 
200 
ns 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


Read Setup time to D~ 
TAB 
110 
ns 
FIGURE4 


Read Hold time after 0 tv 
TAA 
110 
ns 


Read Data Strobe Pulse 
idth 
TAos 
180 
ns 


Read Data Setup time to D~ 
TAoB 
50 
ns 


Read Data Hold time from 0 
j 
TAoA 
0 
ns 


DMACLKf 
to OS 1 
Tooo 
100 
ns 


DMACLK 
to DSj 
TooA 
100 
ns 


SO~, 
AND STB TIMING 


STBWidth 
Tsw 
800 
ns 
FIGURE7 


SO, S1 Hold time after STBj 
Tso 
100 
ns 


Data In Setup time to STB~ 
To1s 
700 
ns 


Data In Hold time after ST 
j 
T01H 
0 
ns 


SO, S1 Setup time tosm 
TssT1 
100 
ns 


Aux Bus Setup time to S~ 
TssT2 
100 
ns 


Aux Bus Hold time after ST 
j 
TssT3 
100 
ns 


INPUT CLOCK 
TIMING 
(10 MHz Input) 


Clock Rise Time 
TAT 
10 
ns 
FIGURE2 
Clock Fall Time 
TAF 
10 
ns 


Clock Cycle High Time 
TCH 
40 
ns 


Clock Cycle Low Time 
TCL 
40 
ns 


Clock Cycle Time 
Tcyc 
95 
100 
105 
ns 


PRECOMPENSATION 
TIMING 


Early, Late Setup time 


(Before WDATAj) 
TpB 
0 
ns 
FIGURE9 


Early, Late Hold Time 


(after WDATA1) 
TpB 
50 
ns 


FLOPPY 
INPUT DATA TIMING 


Window Setup time to RDCLK 
TFAB 
50 
ns 
FIGURE 
10 


Window 
Hold time from RDDATA j 
TFAA 
50 
ns 


HARD DISK INPUT DATA TIMING 


Data Setup time to RCLKl 
THAB 
60 
ns 
FIGURE 
10 


Data Hold time after RCLKl 
THAA 
10 
ns 


Clock Setup time to RCLKj 
THcB 
60 
ns 


Clock Hold time from RCLKj 
THcA 
10 
ns 


ECCTIM TIMING 


ECCTM Setup to D~ 
TEDS 
50 
FIGURE 
10 


ECCTM Hold after 0 
j 
TEoH 
100 
ns 


RESET TIMING 


RST Pulse Width 
1 
J..Ls 


"REQUIRED 
FOR STANDARD 
UDC/HARD 
DISK 
INTERFACE 


OUTPUT 
1 


D 
• 
Q 
•• 
• 
LS374 


/\ 


OUTPUT 
2 


D 
DRSEL3 
Q 
} 
TAPE MOTION 
CTL 


WRITE 
ENABLE 


TRACK 
# 
I 


--[)o 


74504 
or 
equivalent 


~.., 
13900 


TO ClK INPUT 


orDMAClK 


INPUT 


/ 


I 
I 
BYTE 
I 


\ 


\ 
\ 
TRISTATE 
, 
I 
I 
, 


\ 
I 
\ 
\ 
TRISTATE 


DMACLK 


DMAR 


ACK 
-----i 
: 


I / 
I 


I 


DIP 
I 
I 
I 
I 


BYTE 
I 


READY 
\ 
II 
I \ 


TRISTATE I 


R/IV 


\ 
\ 
\ 
\ 
\ 


55 
TRISTATE 


DB 7·0 


,,,, 


TooA 
I, 
I 
I 
I, 
x= 


\, 
-8- 
-------------« 
DATA OUT 
r MAX BYTE RATE 1.6~s--1 


I 
I 
/00/ 
I 
n 
\\) 


~~ 


! 
I 
I 
I 
I 
I 
) 
I) 
TRISTATE 
Y 


,~\ 
TRISTATE 


\ 
\ 
, 
\ 
\ 
1 
0 
I, 
)-- 
DATA OUT I, 
( 
t >- 
DATA IN 


..--------..--~I,------..-------~~ 
, 
1 
4",_~ ,,, 


I 
I, 


o 


-----<I.~' 


" 
TRISTATE 
:~ 


\ 
'Y 


DIP 


DB7·0 
(OUT) 


J. 
--------------~f 
-----~( 
--------.---- 


I 


_X_xj 


~ 
MISSING CLOCK 
o 
'0 
0 
1 
1 


I ADDRESS MARK 
-1--------- 
DATA "FE" 


FIGURE 
8: UDC DATA WRITE TIMING 


DRIVE TYPE 
T (typ) 
TWR (typ) 


HARD DISK 
200 NS 
100NS 


8" MFM FLOPPY 
2 ~s 
300 NS 


8"FM FLOPPY 
- 
300 NS 


5W' MFM FLOPPY 
4~s 
300 NS 


5W' FM FLOPPY 
- 
300 NS 


DATA 
I 
0 I 
0 I 
0 I 
1 I 
0 I 
0 I 
BIT 


I- 
ADDRESS MARK 
-I 


MFM 
READ DATA 


READ CLOCK 


RDATA 


DS 


INTERNAL 
0 
COMPARE 
ECCTM 
TEOH 


A1, 0A COMPARE 
L SYNC BYTE 


RCLK 


FLOPPY 
INPUT DATA TIMING 


(HARD 
DISK BIT=0) 


HARD DISK INPUT DATA TIMING 


(HARD 
DISK BIT = 1) 


Jl 
..•---------- 
REPEATED N TIMES ----------... 
rL 


INDEX 
'- 
---'- 
•••.•. 
I~t:-~ 
I ~~ H ~t"e~I~~IF+I 
~ I* I ~ I~151 ?::-~I~~~51 
~!I 
128dOl. byle, 
ICRCIICRC' ~~~11 
~::':F 
NOMINAL 
I 


~ 
INDEX 
AM 
~ 
10 AM 
L 
DATA 
AM 


INDE~ 
I_· 
R_E_P_EA_T_E_D_N_T_IM_E_S 
'_I 
fl 


I~:.~I~;'~13xc'H ~:.~ I ~;'~ 13"'1 IF++++"EICRC,I 
CRc,1 ~::'ll~;'~13"" I rei 
256dOl' by'" 
ICR+RC21~:'JI 
~~~41 I 


L INDEX 
AM 
LID AM 
L 
DATA 
AM 


~ECCTM --1r- 2 bytes 


IND~~ 
I_· 
R_E_P_E_AT_E_D_N_T_IM_E_S_-~~~~~~~~~~~~~~~~~~~~~~~:':_I 
__ ~rL 
I 


~ECCTM 
---j r- 2 bytes 


I 


n. 


DATA IG31 SYNC 110IG21 
SYNC I 
DATA I G3 ISYNC 110IGal SYNC IDATAl G31 G41 


I 256b~" I 


00 
I 
3 
' 


I 
I 
-+l1••Y"'~ 
I -=:i 
I 
I 


LOOKING 
FOR' 
AM AM FOUND 
t 
AM FOUND t 
AM NOT FOUND + 
AM FOUND. 
AM NOT 
FOUND 
AM FOUND + 
+ AM FOUND 


(SINGLE 
DENSITY) 
FE--_I-_FB 
--+-fE----f----------FB 
FE--+- FS4--FE- 
__ 


(DOUBLE 
OENSITYI 
__ 
"IFE -- 
•.•I__A1FB --I--A1FE 
-+-A1FB 
-+-A1FE --+ 
A1FB +- 
,A,IFE 
_ 


--A1FE--_I_-A1F8+ 
A1FE 
A1F8 
-+-A1FE--+ 
A1F8+ A1FE__ 


"8 bytes 
for 
single 
denSlly 


"'28 
bylas 
lor 
single.densily 


10 I G21 
SYNC IDATA I G3( 
SYNC 110 I G21 
SYNC I 


: 
f 
58YTES~ 


.Jl 
rL 


IGOISYNcl'NZiXIGlISYNcl'~G21 
SYNCIDATAIG3ISYNClloj<;~SYNcl 
DATAIG31SYNCI'D IG21 
SYNC I DATAIGJI 
SYNC I '0IG21 SYNC I DATAl G31 
G. 
I 


: 
ROO3 
~ 
l..-.....L'6Bytes 
--Ifl 
:r:LF-.. 
Y,-" -~I 
I 
II 
I 


AM 
FOUND 
H 
~ ~ + 
AM 
NOT 
FOUND 
t 
AM 
FOUND 
~ 
AM 
FOUND 


______ 
W_R_G2_1~1 
WOO3] I 
~ 
:----L- 


STANDARD 
FORMAT 
PARAMETERS 


PARAMETER 
HARD 
DISK'" 
SINGLE 
DEN. 
FLOPPY 
DOUBLE 
DEN. 
FLOPPY 


GAP0' 
16 
40 
80 


GAP1' 
16 
26 
50 


GAP2' 
3 
11 
22 


GAP3' 
18" 
27 
54 


SYNCSIZE' 
13 
6 
12 


SECTOR 
COUNT' 
user selectable 
user selectable 
user selectable 


SECT. SIZE MULT' 
user selectable 
user selectable 
user selectable 


RDG1 
16 
73 
NA 


RDG2 
6 
13 
24 


RDG3 
25 
27 
24 


WDG2 
5 
11 
23 


WDG3 
3 
11 
3 


, 
= PARAMETER 
USED 
BY FORMAT 
COMMAND 


" 
= GAP 
3 VARIES 
WITH 
SECTOR 
SIZE 


'" 
= ALL 
VALUES 
APPLY 
TO 512 BYTES/SECTOR 


INTERRUPTI 


COMMAND TERM. 
(REGISTER 9) 


REGISTER 
BIT DEFINITIONS 


7 
6 
5 
4 
3 
2 


(MSB) 
LOW ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 


(MSB) 
MIDDLE ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 


(MSB) 
HIGH ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 


(MSB) 
DESIRED SECTOR NUMBER 


HEAD LOAD DELAY MULTIPLE IS LOADED INTO THIS REGISTER 
DATA IS LOADED TO OR READ FROM THIS REGISTER 


CURRENT CYLINDER 
LOW ORDER BITS OF CURRENT CYLINDER NUMBER 
(LSB) 
(READ REGISTER 5) "-- 
-' 


INTERRUPT 
STATUS 
(COMMAND READ) 


REGISTER 
DB7 


DMA 
7-0 
(MSB) 
(REGISTER 
0) 


DMA 
15-8 
(MSB) 
(REGISTER 
1) 


DMA23-16 
(MSB) 
(REGISTER 
2) 


DESIRED 
SECTOR 
(MSB) 


(REGISTER 
3) 


DESIRED 
HEAD 
(REGISTER 
4) 


DESIRED 
CYLINDER 
(REGISTER 
5) 


SECTOR 
COUNT 


(REGISTER 
6) 


RETRY 
COUNT 


(REGISTER 
7) 


MODE 


(REGISTER 
8) 


INTERRUPTI 
COMMAND 
TERMINATOR 
(REGISTER 
9) 


UDC WRITE REGISTERS 
(APPLIES 
DURING TAPE BACKUP ONLY) 


DB6 
DB5 
DB4 
DB3 
DB2 


TAPE 
MARK 
BLOCK 
SIZE 


(IN 2'S COMPLEMENT 
+ 1) 
(MODULO 
256) 
(2) 


DATA BLOCK 
COUNT 


(IN 1'S COMPLEMENT) 
(3) 


NOTES: 
(1) 
The 
maximum 
search 
count 
is composed 
of: 


130 byte 
inner 
loop 
(RDGATE 
high 
128, 2 byte times) 
times 
the number 
programmed 
(maximum 
of 33,150 
byte times 


(2 
3 
) Tape 
mark 
operation 


( ) 
Data 
block 
operation 


REGISTER 
DB7 


DMA 7-0 
(MSB) 
(REGISTER 0) 


DMA 15-8 
(MSB) 
(REGISTER 1) 


DMA23-16 
(MSB) 
(REGISTER 2) 


DESIRED 
SECTOR 
(MSB) 


(REGISTER 3) 


CURRENT 
HEAD 
X 


(REGISTER 4) 


CURRENT 
CYLINDER 
X 


(REGISTER 5) 


CHIP 
STATUS 


(REGISTER 8) 


DRIVE 
STATUS 


(REGISTER 9) 


DATA 


(REGISTER A) 


INTERRUPT 
STATUS 


(COMMAND READ) 


UDC READ REGISTERS 
(APPLIES 
TAPE BACKUP 
ONLY) 


DB6 
DB5 
DB4 
DB3 


PRESENT 


DRIVE 
SELECTED 


COMMAND 
TERMINATION 
CODE (1) 


NOTES: (1) Command termination bits set to: 


11 for data transfer error 
10 for sync error 
00 for successful termination 


X 
Don't care 


1 = Buffered I 
Seek 


(1) = Normal 
Seek 


1 = Buffered I 
Seek 


(1) = Normal 
Seek 


11 
= ~~:~red I 


(1) = Normal 


Seek 


1 
1 = Transfer Alii 
o = Transfer ID 
----- 


1 - 
Bad Sector 
Bypass 
Enable 
(1) 
1 
(1) 
1 
1 
1 
(1) = Bad 
Transfer 
Sector 
Terminate 


1 - 
Bad 
Sector 
Write 
Write With 
1 
Bypass 
1 
Deleted 
Reduced 
PRECOMPENSATION 
0= 
Bad 
Data 
Current 
VALUE 
Sector 
Terminate 


TABLE 5: COMMAND 
WORD 
BIT MAPS 
622 


DB2 DB1 DBO 
IBM FD FORMAT 
HD FORMAT 


0 
0 
0 
128 bytes/sector 
128bytes/sector 
0 
0 
1 
256 bytes/sector 
256 bytes/sector 
0 
1 
0 
512 bytes/sector 
512 bytes/sector 
0 
1 
1 
1024 bytes/sector 
1024bytes/sector 
1 
0 
0 
not used 
2048 bytes/sector 
1 
0 
1 
not used 
4096 bytes/sector 
1 
1 
0 
not used 
8192 bytes/sector 
1 
1 
1 
not used 
16,384 bytes/sector 


FORMAT ECC TYPE FIELD 


DB? DB6 
DB5 DB4 
HD FORMAT 
o 
0 
0 
0 
4 ECC bytes generated/checked 
1 
1 
1 
1 
5 ECC bytes generated/checked (1) 
1 
1 
1 
0 
6 ECC bytes generated/checked (1) 
1 
1 
0 
1? 
ECC bytes generated/checked (1) 
note1: WITH EXTERNAL ECC 


IBM FLOPPY DISK FORMAT: 


ID.FIELD 
DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 


CYLINDER 
track number 
HEAD 
side number 
SECTOR 
sector number 
sector size 
SECTOR SIZE 
(2 bits) 


HARD DISK FORMAT: 
ST506 PC FORMAT (512 BYTES) 


ID FIELD 
DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 


CYLINDER 
cylinder number (8 LSB's) 
HEAD 
bad cyl #cyl #cyl # hd # hd # hd # hd # 
sector bit 10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 
flag 
I 
HARD DISK FORMAT: 
(USER SELECTABLE 
SECTOR 
SIZE) 


ID FIELD 
DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 


CYLINDER 
cylinder number (8 LSB's) 
HEAD 
bad cyl #cyl #cyl #hd # hd # hd # hd # 
sector bit 10bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 
flag 
sector number 
ECC type 
X 
sector size 
(3 bits) 


For additional 
information, 
please consult the 


following: 


Technical 
Note 6-2 (9224 Overview) 
Technical Note 6-5 (Programmer's 
Reference 
Manual) 


HOC 9225 Data Sheet 
HOC 9226 Data Sheet 
HOC 9224 Programmer's 
Quick Reference Card 


Circuit diagrams utilizing SMC products are included as a means of illustrating 
typical semiconductor 
applica- 


tions; consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 


information 
has been carefully 
checked and is belie,ved to be entirely 
reliable. However, no responsibility 
is 


assumed for inaccuracies. 
Furthermore, 
such informatIon does not convey to the purchaser 
of the semiconductor 


devices described 
any license under the patent rights of SMC or others, SMC reserves the right to make changes 
at any time In order to improve design and supply the best product 
possible. 


DISK BUFFER MANAGEMENT 
UNIT 
"DBMU" 


FEATURES 
o Significantly 
reduces chip count in hard disc systems 


o Completely 
compatible 
with the HDC 9224 Universal 
Disk Controller 


o Creates a dual-port 
disk buffer (up to 32K in size) using 


low cost static ram 


o Programmable 
sector interrupt counter allows host pro- 
cessor rapid access to data 


o On board 10 MHz oscillator 
simplifies 
clock generation 


o Allows disk interleave factor of 1, improving system 


performance 


o Fabricated 
in low power CMOS; fully TTL compatible 


XTAL 1 
v~ 


XTAL2 
CLOCKOUT 
ECCTM 
INT 
ABO 
INTACK 
AB1 
RESET 
AB2 
LDADD 
AB3 
SEN 
ADO 
WAIT 
AD1 
J!&LKIN 
AD2 
OE 
AD3 
WE 
AD8 
SYSR/W 
AD9 
DIP 


AD10 
HDCDS 
AD11 
HDCCS 
AD4 
HDCR/W 
AD5 
BUSDIR 
AD6 
RAMEN 
AD? 
SYSDS 
AB4 
STB 
AB5 
DMACLK 
AB6 
AD12 
AB? 
AD13 
GND 
24 
25 
AD14 


48 Pin DIP Package 


The HDC 9225 Disk Buffer Management 
Unit (DBMU) is a 


48 pin CMOS/LSI 
device which, when used with the HDC 
9224 Universal Disk Controller, significantly reduces the total 
number 
of chips required 
to build a hard and floppy disk 


controller. 


The DBMU allows low cost static rams to be used in a dual- 
ported configuration. 
This allows both the system proces- 


sor and the HDC 9224 Universal 
Disk Controller 
to share a 
common 
disk buffer local memory 
area, while eliminating 
system memory 
contention 
problems. 
This feature greatly 


improves 
overall 
system 
performance, 
while simplifying 


design. 


STAN~D 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPORATION 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 
I 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 


~_ 
•• _" 
•.'" 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of lhe 
,,.,,",,,,."",. m.... semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD 
MICROSVSTEMS 


CORPORATION" 
HDC 92C26 
PRELIMINARY 


HIGH PERFORMANCE 
HARD DISK DATA SEPARATOR 
"HDDS" 


FEATURES 
o Significantly 
reduces component 
count in hard disk 


systems 


o Completely 
compatible 
with the HOC 9224 Universal 


Disk Controller 


o Simplifies 
design and improves performance 
of ST506 


Hard Disk Controller 
sub-system 


o Space saving 24 pin package saves board space and 


reduces critical layout problems. 


o Printed Circuit Board Artwork available to facilitate 


prototyping 
and evaluation 


RCLK 


RDATA 
EARLY 


LATE 
WDATA 


10MHZOUT 
10MHz/XTAL1 


XTAL2 


5MHZOUT 
WRGATE 
RDGATE 
GND 


DLY40 
DLY30 
vcc 
NC 


RCLK 
RDATA 
EARLY 


The HOC 92C26 Hard Disk Data Separator 
(HODS) is a 24 


pin CMOS/LSI 
device, which when used with the HOC 9224 


Universal 
Disk Controller 
significantly 
simplifies the design 


of a high performance 
hard disk data separator. 


The HOC 92C26, combined with a few discrete components, 
form 
a phase 
locked 
loop 
which 
performs 
phase 
and 


25242322212019 
26 
16 


27 
17 
26 
16 
i 
15 


2 
14 


3 
13 


4 
12 
5 
6 
7 
8 
9 1011 


Vcc 
DLY30 
DLY40 
NC 
NC 
XDL 
DLY50 
POMPOP 
PUMPDWN 
4XVCO 
RDIN 
WDOUT 


4XVCO 
RDIN 
WDOUT 
NC 


GND 
RDGATE 
WRGATE I 


frequency 
locking onto either the FM or MFM aata stream 


output by ST506/ST412 
type drives. 


By reducing the number of critical discrete components 
to 


a minimum and eliminating all critical adjustments, the HOC 
92C26 simplifies 
the task of the designer. 


HOC 92C26 
BLOCK DIAGRAM 


HODS 92C26 


Vcc 
+sv 


RCLK 
RCLK 


RDATA 
RDATA 
DLY30 


EARLY 
EARLY 
oLY40 


LATE 
LATE 
NC 
(NC) 


WDATA 
WDATA 
NC 
(NC) 


XDL 
CLK 
10MHZOUT 


¢V~ 
~ 
10MHZ/XTAL 1 
DLYSO 


HDC 
3 
CJ 
PMPUP 
ro 
9224 
<0 
¢v22j;ii 
XTAL2 
PMPDWN 


DMACLK 
SMHZOUT 
4XVCO 


WGATE 
WRGATE 
RDIN 


RDGATE 
RDGATE 
WDOUT 


GND 
- 


SEE 
SCHEMATIC 


#1 


PIN. NO. 
NAME 
SYMBOL 
DESCRIPTION 


1 
Read Clock 
RCLK 
Read clock output with nominal frequency 
of 5 MHz which defines the 
half bit boundaries 
of the RDATA output. 


2 
Read Data 
RDATA 
This output is the regenerated 
raw read data from the drive. This signal 
conforms 
to all timing requirements 
of the UDC. 


3 
Early 
EARLY 
This input is connected 
to the HOC 9224, and causes the HODS to send 
out the write data early. 


4 
Late 
LATE 
This input is connected 
to the HOC 9224, and causes the HODS to send 
out the write data late. 


5 
Write Data 
WDATA 
This input is connected 
to the HOC 9224, and is the MFM encoded write 
data signal. This signal is passed through the HODS and is delayed 
according 
to the write precompensation 
inputs EARLY and LATE. 


6 
10 Mhz Out 
10MHZOUT 
This output is normally connected 
to the CLK input on the HOC 9224. 


7,8 
Crystal 1,2 
XTAL 1,2 
A 10 Mhz crystal may be connected 
between these two inputs. If a TTL 
signal is used in place of a crystal, the TTL signal (with pullup) should be 
connected 
to the XTAL 1 and the XTAL 2 input should be left open. 


9 
5 Mhz Out 
5MHZOUT 
This output is normally tied to the HOC 9224 DMACLK 
pin in systems that 


do not use the HOC 9225 Disk Buffer Manaqement 
Unit. 


10 
Write Gate 
WRGATE 
This input is connected to the WRGATE output of the HOC 9224. When low 
the RDIN input is selected and is output to the delay line via the XDL pin. 
When in write mode (WRGATE active), the WDATA input is selected 
and 


output to the delay line via the XDL pin for precompensation. 


11 
Read Gate 
RDGATE 
This input signal, when active, allows the external VCO to begin locking 
on the incoming data from the drive. When this signal is inactive, the VCO 
will lock on to the 5 MHz output siqnal. 


12 
Ground 
GND 
This is the qround pin for the device 


13 
Write Data 
WDOUT 
This output is the precompensated 
version of the WDATA input. This out- 
Out 
put is normally connected 
to the write data siqnal of the hard disk drive. 


14 
Read Data 
RDIN 
This input is normally connected 
to the Disk Data output of the drive. The 


In 
leading edge of this input arms the internal phase comparator, 
and then 
also asserts the PMPUP output 50 ns later. 
15 
4 TimesVCO 
4XVCO 
This input is connected 
to the external VCO and runs at a frequency 
of 4 


times the data rate with RDGATE asserted. 
This signal is inte~ 
divided by 2 and feeds the phase comparator 
to generate 
the PMPDN 
signal. 4XVCO is also divided by four and output as the RCLK siqnal. 


16 
Pump Down 
PMPDN 
When active (low) this output will decrease the frequency 
of the VCO. 


17 
Pump Up 
PMPUP 
When active (low) this output will increase the frequency 
of the VCO. 


18 
Delay 50 ns 
DLY50 
This is the 50 ns delay of the XDL signal. The 50 ns tap is used to arm the 
phase detector and create a reclocked version of the raw read data from 
the drive. 


19 
Excite 
XDL 
During write operations, 
when WRGATE is active, this output is identical 


Delay 
to WDATA, and is output to the delay line, creating precise delays which 


Line 
are used to perform write precompensation. 
When WRGATE 
is inactive, this output is the image of the raw read data 


the RDIN input. XDL is output to the delay line and is used to provide 
proper arming, for the phase comparator 
and clocking for the data 
recovery circuitry. 


20,21 
No Connect 
NC 
No connection 
should be made to these pins. 


22 
Delay 40 
oLY40 
These inputs are delays of 30 and 40 ns of the XDL signal, and come 


23 
Delay 30 
DLY30 
from the external delay line. These signals are used for the nominal, 
late 


and early positioninq 
of the databits 
in the WDOUT 
data stream. 


24 
Vcc 
Vcc 
+ 5V supply connected 
to this pin. 


I 


DATA SEPARATION 
The 
HDC 
92C26, 
in conjunction 
with an external 
VCO, 
tapped 
delay line and filter, allows the system designer 
to 


implement 
a high performance 
phase locked loop circuit to 
perform 
phase and frequency 
locking onto either an MFM 
or FM encoded 
data stream 
(from an ST-506 
style disk 
drive.) 


In most applications, 
the data on the hard disk is recorded 


in double density 
(MFM). In MFM mode, an input pulse on 
RDIN indicates 
not a 1 or 0 but rather a flux transition on the 


media 
and (by definition) 
these 
flux transitions 
may be 
spaced at T, 1.5T or 2T time intervals, where T equals the 
inverse of the bit data rate. For the standard 
ST-506 drive, 


these time intervals 
are 200 ns, 300 ns, and 400 ns. 


Due to the nature of magnetic 
storage phenomena, 
the bit 


spacing found on the hard disk is not constant, 
but instead 


will modulate 
due to magnetic 
effects and drive rotational 
speed variations. 
The HDC 92C26 compensates 
for these 


shifts 
in the 
RDIN 
signal 
coming 
from 
the 
drive 
and 


regenerates 
RDATA and RCLK. 


The RCLK signal is derived from the VCO which changes 
its period as a function of the variations 
in the raw disk data 
and permits the data from the drive to be correctly clocked 
into the HDC 9224 Universal 
Disk Controller, 
independent 
of the bit spacing 
variations 
found in the raw data coming 


from the drive. 


The VCO normally 
runs at 20 Mhz. Since the half bit time 


(for data from the disk) is 100 ns, the HDC 92C26 divides 


the 4XVCO 
signal 
in half and compares 
the phase 
and 


frequency of the VCO with the incoming data. The read data 
signal 
is regenerated 
by the HDC 9266 
and is placed 


correctly within the RCLK window so as to satisfy the input 
timing 
requirements 
of the 
HDC 
9224 
Universal 
Disk 


Controller. 


WRITE 
PRECOMPENSATION 
GENERATOR 
The HDC 92C26 
also performs 
write 
precompensation 


which is needed because of tendency of written data to "re- 
align" itself on the magnetic 
media. 


Certain bit patterns, 
when written, and later read back, will 


cause a phenomena 
known as "peak" 
or "bit" shift. Since 


this shifting 
is predictable, 
it is common 
when writing 
to 


magnetic 
media to intentionally 
pre-shift 
when these bits 


are to be written. This intentional 
"pre-shifting" 
minimizes 


the amount of shifting which occurs when the data is read 
back, and facilitates 
proper data recovery. 


The HDC 9224 recognizes 
those 
patterns 
which 
require 


"pre-shifting" 
or precompensation, 
and outputs EARLY and 


LATE signals 
to alert 
the HDC 92C26 
to the need for 


precompensation. 


Typical ST-506 applications 
may require "pre-shifting" 
the 


data bits by approximately 
10 ns (either early or late). Three 


taps of the delay line (DLY30, DLY40, DLY50) are normally 
used to implement precompensation. 
The HDC 92C26 then 


outputs the precompensated 
data via the WDOUT 
pin. 


MAXIMUM 
GUARANTEED 
RATINGS 


Operating 
Temperature 
Range 
0 to 70 C 
Storage Temperature 
Range 
, 
- 55 C to + 150 C 
Lead Temperature 
(soldering, 
10 see) 
+ 325 C 
Maximum 
Vee 
+ 7.0 V 
Positive Voltage on any Pin, with respect to Ground 
Vcc + 0.3 V 
Negative Voltage on any Pin, with respect to Ground 
- 0.3 V 


Stresses 
above those listed may cause permanent 
damage 
to the device. This is a stress rating only and functional 
operation 
of the device at these or any other condition 
above those indicated 
in the operational 
sections 
of this spec- 
ification is not implied. 


NOTE: When powering this device from laboratory 
or system power supplies, 
it is important 
that the "Maximum 
Guar- 
anteed Ratings" 
not be exceeded, or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 


on their outputs 
when AC power is switched 
off. In addition, 
voltage transients 
on the AC power line may appear on 
the DC output. If this possibility 
exists it is suggested 
that a clamp circuit be used. 


DC ELECTRICAL 
SPECIFICATIONS 
(TA=OCto 
70 C, Vee= 5.0V, ± 5%) 


Parameter 
Min. 
Max. 
Units 


SUPPLY CURRENT 


Ice 
OUTPUT 
VOLTAGE 


VOH (1) 
VoH(2) 
VOL 
INPUT VOLTAGE 
V,H (3) 
V'L (3) 
V,H (4) 


V'L 
4 
INPUT CURRENT 


I'H 
I'L 
Notes: 


(1) For all outputs except 10MHzOUT 
and 5MHzOUT 


(2) For 10MHzOUT 
and 5MHzOUT 


(3) For all inputs except XTAL 1 and 4XVCO 
(4) For XTAL 1 and 4XVCO 


IOH= 400 uA 
IOH= 400 uA 
IOL=2.0 
mA 


V,H = 2.0V 
V'L = O.4V 


S mbol 
Min. 
-r 
Max. 
Unit 


T, 
70 
ns 
figure 1 


T2 
80 
ns 
figure 1 


T3 
60 
ns 
figure 2 


T. 
10 
ns 
figure 2 


T5 
60 
ns 
figure 2 


T6 
10 
ns 
figure 2 


T7 
65 
ns 
figure 3 


T. 
65 
ns 
figure 3 


T. 
65 
ns 
figure 3 


TlO 
65 
ns 
figure 3 


T" 
45 
50 
55 
ns 
figure 4 


T'2 
50 
ns 
figure 5 


T'3 
50 
ns 
figure 6 


T,. 
6 
ns 
figure 7 


T'5 
50 
ns 
figure 7 
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SINGLE 
POINT 
GROUND 
PLANE 
CONNECTION 


(NEAR 
HOOS CHIP GROUND 
PIN) 


Analog Gnd0 DIgItal Ground 


SCHEMATIC 
1 


RECOMMENDED 
CHARGE 
PUMP 
LOOP FILTER AND VCO 
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NOTE: The printed 
circuit board artwork 
shown 
above is included 
for illustration 
only. Camera 
ready artwork 
is available 
at no charge. 


Contact 
your SMC representative 
or regional 
sales office, 
and ask for Technical 
Note TN 6-4. 


Blank 
PC boards 
(based 
on the illustrations 
above) 
are also available 
to facilitate 
evaluation 
and design. 
Contact 
your SMC 
repre- 
sentative 
or regional 
sales office for more information. 
. 


Circuit diagrams utilizing 
SMC products are included as a means of illustrating 
typical semiconductor 
applica- 
tions; consequently 
complete 
information 
sufficient 
for construction 
purposes 
is not necessarily 
given. The 
information 
has teen carefully checked and is believed to be entirely reliable. However, no responsibility 
is 
assl!med for inaccuraci~s. Furthermore, 
such information 
does not convey to the purchaser of the semiconductor 
devlces.des~ribed 
any license unde~ the patent rights of SMC or others. SMC reserves the right to make changes 
at any time In order to Improve design and supply the best product 
possible. 


STANDARD MICROSYSTEMS 
CORPORATIONAi 
U 
HDC9227 
PRELIMINARY 


High Performance 


Dual (Hard/Floppy Disk) Data Separator 
DDS 


FEATURES 
o Single chip combines 
high performance 
analog hard 


disk data separator 
and high resolution 
digital floppy 
disk data separator 


o Significantly 
reduces component 
count in hard disk and 


floppy systems 


o Completely 
compatible 
with the HOC 9224 Universal 


Disk Controller 


o Eliminates 
all tuning and tweaking 
normally required by 
analog data separators 


o Built-in hard disk write precompensation 
logic 


o Fabricated 
in CMOS technology 


o Single + 5V supply 
o TTL Compatible 


COo 
CD, 


RCLK 


RDATA 
EARLY 


LATE 
WDATA 
10MHZOUT 
20MHzlXTAL, 


XTAL, 


5MHZOUT 
WRGATE 
RDGATE 


GND 


The HOC 9227 Universal 
Disk Data Separator 
(UDDS) is a 


28 pin CMOS/LSI 
device, which when used with the HOC 


9224 Universal 
Disk Controller 
significantly 
simplifies 
the 


design of the hard disk/floppy 
disk sub-system. 


Internally, 
a precision 
floppy disk digital data separator 
is 


2XRDCLK 
RESET 
Vcc 
DLY30 
DLY40 
VCOOUT 
DLYDAT 
XDL 
DLY50 
PMPUP 
PMPDWN 
4XVCO 
RDIN 
WDOUT 


combined with the digital portion of a high performance, 
self 


tuning analog hard disk data separator. 


By reducing the number of critical discrete 
components 
to 


a minimum and eliminating all critical adjustments, 
the HOC 


9227 simplifies the task of the system designer. 


I 


STANDARD 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating typical 
semiconductor 


CORPOR 1\,"""" 
applicatIons: consequently complete Information sufficient for construction purposes ISnot necessanly given. 


I"\IIVI'" 
The information has been carefully checkec and is believed to be entirely reliable. However, no responsibility is 


7~M'''"'~ ~"'PPM' NY 
111M assumed for maccuracles. 
Furthermore, such InformatIon 
does not convey to the purchaser of the 


"'" ""'00 . ~"" 
"' ••• semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION, 
HDC9234 
PRELIMINARY 


Universal Disk Controller 


FEATURES 
Pro'grammable 
Disk Drive Interface 
and Formats 
o IBM<!l PC-AT@ST506/412 or user definable 
hard disk 


formats 
o IBM@ PC-AT@compatible 
ECC algorithm 
o IBM Compatible 
Single or Double Density Floppy Disk 
Formats 
o Controls 8", 5.25", and 3.5" drives 
o Controls tape drives for tape backup of disks 
o Full CRC generation 
and checking 
o Internal or External 
Error detection 
o Programmable 
user-transparent 
Error correction 
o Programmable 
automatic 
retry option 
o Programmable 
internal write precompensation 
logic 
o Read/Write 
commands 
with automatic 
seek 
o Multiple sector read/write 
transfers 
o Sector interleave 
capability 
o Internal address mark generation 
and detection 
o Programmable 
track step rates 
o Supports 
both buffered and unbuffered 
seeks 
o Polling command 
allows overlapping 
seeks 
o Powerful, high level command 
set 
o Controls 
up to 4 drives with 
o 
up to 16 heads per drive 
o 
up to 2048 cylinders 
per drive 
o 
up to 256 sectors per track 


Flexible System Interface 
o Built-in DMA controller 
capable of addressing 
up to 


16 MBytes 
o Supports 
either private or virtual buffer memory 
addressing 
schemes 
o User readable 
Interrupt, Chip Status, and Drive Status 


registers 


CLK 


WQATA 


LATE 


EARLY 


ROATA 


NC 


V,< 
INT 


RClK 
C/O 


ACK 


1 


'-J 
40 
2 
3. 
3 
38 
4 
37 
5 
36 
6 
35 
7 
34 


8 
33 
• 
32 


10 
31 
11 
30 
12 
29 
13 
28 
14 
27 
15 
26 
16 
25 
17 
24 
18 
23 
,. 
22 
20 
21 


ADATA 


EARLY 


LATE 


WDATA 


CLK 


SO 
STB 


DMAClK 


S1 


AST 
DIP 
ECCTM 


DMAR 
WGATE 


ADGATE 


DB7 


DB6 


DB5 
VSS 
DB4 


Vcc 


INT 


ACLK 
CO 


ACK 
081 
os 
0& 
RtW 


DSs 
ABa 


Vss 
ABl 


08. 
AB2 


NC 
AB3 


DB3 
AB4 


DB2 
ASS 
OBI 
AS6 
DBo 
AS7 
CS 
cs 


DBO 
DBl 
DB2 


DB3 


o Programmable 
Interrupt 
Mask 
o TTL compatible 
o Standard 40 pin DIP package 
o Single + 5 volt supply 
I 


GENERAL 
DESCRIPTION 


The HOC 9234 Universal 
Disk Controller 
(UDC) is a 40 
viding up to 24 bit addresses 
over an 8 bit data bus. This 
pin, n-channel 
MOS/LSI 
device capable 
of interfacing 
up 
enables the HOC 9234 to address 
up to 16 megabytes 
of 
to 4 Winchester-type 
hard disks and/or 
industry 
standard 
memory, 
and allows 
the hardware 
designer 
tremendous 
floppy disks to a processor. 
The chip is programmable 
to 
flexibility 
in system design. 
support 
IBM<!l PC-AT<!l ST506/412 
and user defined 
hard 
S 
f 


disk formats, 
as well as IBM compatible 
8", 5.25" and 3.5" 
everal techniques 
0 error detection 
and correction 
are 


implemented 
on the HOC 9234. One user selected method 
single and double density formats. 
allows the chip to detect and transparently 
correct a read 
A powerful and sophisticated 
command 
set reduces the 
error in the data-stream, 
without 
external 
logic. Another 
software overhead 
required to implement 
a combined 
hard 
technique 
allows the designer 
complete 
control 
over the 
disk/floppy 
disk controller. These commands 
include: 
ECC algorithm, 
by using external 
logic or system software 
Drive Select 
Seek to cylinder and read 10 
to detect and correct the error. As a further aid in error han- 


Step out 1 cylinder 
Step in 1 cylinder 
dling, the HOC 9234 allows the user to specify the number 


Restore Drive 
Read Logical Sectors 
of read retries to be attempted 
before an error is reported 
Read Physical Sectors 
Read Entire Track 
to the host processor 
by the HOC 9234. 
Write Logical Sectors 
Write Physical Sectors 
The HOC 9234 features 
a versatile 
track format 
com- 


Chip Reset 
Deselect 
Drive 
. h 
I 
f 
I 
Poll Drives for Ready 
Set Register Pointer 
mand whlc 
al ows ormatting 
with inter eaved sectors. The 


chip needs only 4 or 5 bytes of external memory space per 


Tape Back-up 
Format current track 
sector (depending 
on format selected). 
This feature allows 
The HOC 9234 can use both private memory 
or shared 
the designer 
to optimize 
sector 
interleaving 
for optimum 
memory buffers with the chip's internal DMA controller pro- 
throughput. 
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WGATE 
RGATE 
STB 
S0 
S1 


WRITE ENCODER 
AND 
PRECOMP 
LOGIC 


WDATA 


EARLY 


LATE 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


1 
Power 
Vcc 
+ 5 volt power supply 
pin 


22 
Ground 
Vss 
System 
ground 


16 
Chip Select 
C"8 
This signal 
(when active) 
selects 
the HOC 9234 for communications 
with the host 
processor. 
This signal is normally 
derived 
by decoding 
the high order address 
bits. 


It is active low. 


17,18 
Data Bus 7-0 
DB7-0 
All system 
processor 
reads and writes, 
(including 
status 
reads, 
initialization, 
disk 
19,20 
parameters, 
and commands) 
are 8 bit transfers 
which 
utilize these 
lines. 


21,23 
When the UDC is accessing 
memory, 
data is inptJt or output 
on these 
lines. 
24,25 
Data on these lines is valid only when 
DATA STROBE 
(I5"S) is active 
low. 


8-15 
Aux Bus 7-0 
AB7-0 
These 
8 pins are used to output 
drive control 
signals 
and DMA Address 
information. 


Additionally, 
these pins are used to input drive status 
information. 


4 
Command/Data 
C/15" 
During 
processor 
to UDC communications, 
this input is used to indicate 
whether 
a 


command 
or data transfer 
will follow. 


If this pin is low, data may be written 
to, or read from, the internal 
data registers. 


If this pin is high, the processor 
may write commands 
or read command 
results 


from the UDC. 


7 
Read/Write 
R/W 
When the processor 
is communicating 
to the UDC, a high on this input line indi- 


cates a (processor) 
request 
for a UDC read operation, 
and a low indicates 
a (pro- 
cessor) 
request 
for a write operation. 


R/W 
C/O 
Operation 


0 
0 
Write to register 
file 
0 
1 
Write to command 
reg. 


1 
0 
Read from register 
file 
1 
1 
Read Interrupt 
Status 
Register 


During 
UDC initiated 
operations, 
this pin becomes 
an output, 
and is used to indi- 


cate a read operation 
(logic 1) or write operation 
(logic 0) to external 
memories. 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


6 
Data Strobe 
IJS 
This active low pin functions 
as both an input and output. 
When 
the processor 
is 
writing to the UDC, the trailing 
edge of an active (low) signal applied 
to this pin indi- 


cates that the data on DB7-0 
is valid, and the.data 
is latched 
into the appropriate 


UDC register 
on the rising edge. 


When the processor 
is reading 
from the UDC, the trailing 
edse of an active 
(low) 


signal applied 
to this pin is used to clock out the desired 
UD 
register 
on to DB7-0. 


During 
UDC initiated 
DMA operations, 
the UDC drives this pin low to either 
read or 


write data from memory. 
On DMA read cycles, 
data is clocked 
in on the trailing 


edge. On DMA write operations, 
the data on DB7 -0 is valid anytime 
this pin is 


active (low). 


When this pin is high (logic 1), DB7-0 
return to a high impedance 
state. 


2 
Interrupt 
INT 
This active high output 
is used by the UDC whenever 
it wants to interrupt 
the pro- 


cessor. The interrupt 
pin is reset to its inactive 
(low) state when the UDC interrupt 


status 
register 
is read. 


30 
DMA In Progress 
DIP 
This active high output 
becomes 
active whenever 
the UDC is actually 
pertorming 
a 


DMA operation. 


28 
DMARequest 
DMAR 
This active high output 
becomes 
active whenever 
the UDC requires 
the system 
bus to perform 
a memory 
cycle, and ACK is inactive. 
During 
hard disk operations, 


it remains 
active until the sector transfer 
is complete. 


During floppy disk operations, 
it is active for 1 by1e transfer 
time. 


The UDC shows that it has released 
the system 
bus by resetting 
this signal to its 


inactive 
(low) state. 


5 
Acknowledge 
ACK 
This active high signal from the processor 
tells the UDC that the processor 
has 
released 
the system 
bus and the UDC may access 
system 
memory. 


37 
Write Data 
WDATA 
This pin is used to output 
serial data from the UDC to the drive, in either 
FM or 


MFM format. 
In both cases, 
data is output with the most significant 
bit first. 


38 
Late 
LATE 
This output 
(when active high) indicates 
that the current 
flux transition 
appearing 


on WDATA is to be written 
late. 


39 
Early 
EARLY 
This output 
(when active high) indicates 
that the current 
flux transition 
appearing 


on WDATA is to be written 
early. 


27 
Write Gate 
WGATE 
This output 
(when active high) indicates 
the drive should 
allow a write operation. 


40 
Read Data 
JmATA 
This input pin contains 
the serial bit stream 
read from the drive, in either 
FM or 


MFM format. 
Media flux reversals 
are indicated 
by a negative 
transition. 


3 
Read Clock 
RCLK 
This input is generated 
by the external 
data separator. 
Its frequency 
should 
self- 


adjust to the variations 
in bit width in the data stream 
from the drive. This clock 


supplies 
a window 
to indicate 
half-bit-cell 
boundaries. 


26 
Read Gate 
RDGATE 
This output 
pin is used to enable the external 
data separator, 
compensate 
for write 


to read recovery 
time of the drive, and filter out the write splice 
in gaps 2 and 3. 
The timing of this signal 
is dependent 
upon the type of drive (hard or floppy) 
being 


used. 


RDGATE 
is inactive 
at all times except when the UDC is actually 
performing 
a read 


operation 
or an internal 
ECC operation. 


29 
ECCTime 
ECCm 
When the UDC is used in external 
ECC mode, this output 
pin becomes 
active 
(low) during the time the UDC is reading 
the ECC bytes from memory 
or external 


ECC chip, when executing 
a WRITE 
command. 


It is also active during 
internal 
ECC correction 
o)erations, 
and for either one 


(write) or two (read) byte times after DIP (pin 30 
becomes 
inactive 
following 
a sec- 


tor transfer. 
This shows 
the system 
processor 
when 
it should 
service 
the UDC 


buffer. 


32,35 
Select 
1,0 
S1,SO 
These 
active h~h outputs 
are used by externallo~c 
to select either the source 
or 


destination 
for 
ata transfers 
occuring 
via AB7-0. 
he following 
table defines 
the 


~ifiC 
transfer 
being called for by the UDC. (Note that S1-0 are valid only when 


is active low.) 


SiB 
S1 
SO 
AB7-0 
Activity 


1 
X 
X 
S1 ,SO Invalid 
0 
0 
0 
UDC inputs 
Drive Status 
Signals 
0 
0 
1 
UDC outputs 
DMA address 
bytes 
0 
1 
0 
UDC outputs 
OUTPUT 
1 signals 
0 
1 
1 
UDC outputs 
OUTPUT 
2 signals 


I 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


34 
'Sfi058 
STB 
This active low output 
indicates 
when the host processor 
should 
read or write to 


AB7-0, 
as indicated 
by S1-0. 


When AB7-0 
are used as outputs 
from the UDC, data is vaiid anytime 
this signal 
is 


active (low). 


When AB7-0 
are used as inputs to the UDC, data is clocked 
in on the rising edge 


of this signal. 


36 
DEVICE 
CLOCK 
ClK 
This input is the double 
frequency 
clock used by the UDC for all internal 
timing 


operations. 


Eight inch hard disk drives (with a nominal 
bit time of 230 ns) require 
an input of 


8.696 MHz (11S ns period). 


S.2S" hard disks (with a nominal 
bit time of 200 ns) require 
a 10 MHz input (100 ns 


period). 


Eight inch, S.2S" and 3.S" floppy drives all require 
a 10 MHz clock, 
which 
is inter- 


nally prescaled 
by the UDC to the correct 
frequency, 
as determined 
from the Drive 


Selecfcommand 
and MODE 
register. 


This input requires 
an external 
pull-up 
resistor, 
as it is not TTl-level 
compatible. 


See figure 2. 


31 
Reset 
RST 
This active low input will force the UDC into the following 
known state: 


INT -Inactive 
low 
WDATA-Inactive 
low 
~-Inactive 
high 
DMAR-Inactive 
low 
EARLY-Inactive 
low 
C/O-Input 
AB7-0-lnput 
lATE-Inactive 
low 
R/W-Input 
DB7-0-lnput 
WGATE-Inactive 
low 
DIP-Inactive 
low 
RDGATE-Inactive 
low 
OS-Input 


An active low on this pin has the same effect as a RESET 
Command. 


33 
DMAClock 
DMAClK 
All UDC DMA operations 
will be synchronized 
to this clock input. Three 
DMAClK 


periods 
are required 
for each DMA byte transfer. 


The HOC 9234 
has three types 
of internal, 
processor 


addressable 
registers; 
Read/Write, 
Read Only, and Write 


Only. These registers are addressed 
by an internal register 


pointer 
that 
is set by the 
SET 
REGISTER 
POINTER 


command. 


All register data is passed to and from the UOC via the 


data bus (OB7-0). 


The 
internal 
register 
pointer 
is automatically 
incre- 


mented with each register access until it points to the DATA 
Register. This insures that all subsequent 
register accesses 


will address the DATA register. 


PROCESSOR 
ACESSIBLE 
REGISTERS 


REGISTER 
ADDR 
WRITE 
READ 


0 
DMA7-0 
DMA7-0 


1 
DMA1S-8 
DMA1S-B 


2 
DMA23-16 
DMA23-16 


3 
Desired 
Sector 
Desired 
Sector 


4 
Desired 
Head 
Current 
Head 
S 
Desired 
Cylinder 
Current 
Cylinder 


6 
Sector 
Count 
Temporary 
Storage 


7 
Retry Count 
Temporary 
Storage 


8 
Mode 
Chip Status 


9 
InterrupVCommand 
Drive Status 
Terminator 


A 
Data/Delay 
Data 


COMMAND 
Current 
Command 
Interrupt 
Status 


Three internal 
registers 
(OUTPUT 
1, OUTPUT 
2, and 


INPUT 
DRIVE 
STATUS) which 
are not directly 
address- 


able by the processor 
are accessed 
by the UOC. The infor- 


mation contained 
in these registers is used in disk interfac- 


ing and is input or output on UOC Pins AS? -0. The following 
table describes 
these registers and the signals they output 


or input on AS?-O. 


UDC ADDRESSABLE 
REGISTERS 


DRIVE STATUS 
REGISTER 
(input) 
Select 
Pins S1 = 0, SO = 0 


AB6-lndex 
Pulse 
AB4- 
Track 00 
ABS-Seek 
Complete 
AB3-User 
Defined 


AB1-Drive 
Ready 
AB7-ECCError 


ABO-Write 
Fault 
AB2-Write 
Protect 


OUTPUT 
1 (Output) 
AB7-Drive 
Select 3 
ABS-Drive 
Select 
1 
AB3-Programmable 
Outputs 
(see text) 


AB 1-Programmable 
Outputs 


Select 
Pins 
S1 - 1, SO - 0 


AB6-Drive 
Select 
2 


AB4-Drive 
Select 
0 


AB2-Programmable 
Outputs 


ABO-Programmable 
Outputs 


OUTPUT 
2 (Output) 
AB7-Dnve 
Select 3 


ABS-Step 
Direction 
AB3-Desired 
Head (Bit3) 


AB1-Desired 
Head (Bit1) 


Select 
Pins 
S1 = 1, SO = 0 


AB6-Reduce 
Write Current 


AB4-Step 
Pulse 


AB2-Desired 
Head (Bit 2) 


ABO-Desired 
Head (Bit 0) 


Additionally, 
several registers (DMA7-0, DMA 15-8, DMA23-16, 
DESIRED 
SECTOR, 
DESIRED 
CYLINDER, 
SECTOR 
COUNT, and RETRY COUNT) serve an alternate purpose. These registers are used by the FORMAT TRACK command 
to hold parameters. 
This alternate 
register utilization 
is described 
in detail under the FORMAT TRACK command. 


DESCRIPTION 
OF UDC REGISTERS 


DMA 7-0 
(R/W Register; 
Address 
0) 
This 8-bit read/write 
register is loaded with the low order 


byte (MSB 
in bit 7) of the DMA buffer 
memory 
starting 


address. 


DMA 15-18 
(R/W Register; 
Address 
1) 
This 8-bit read/write 
register 
is loaded 
with the middle 


order byte (MSB in bit 7) of the DMA buffer memory starting 
address. 


DMA 23·16 
(R/W Register; 
Address 
2) 
This 8 bit read/write 
register is loaded with the high order 


byte (MSB 
in bit 7) of the DMA buffer 
memory 
starting 


address. 


Prior to the data transfer 
portion of a read or write com- 


mand, the UDC writes the contents of the DMA registers to 
an external counter. This transfer 
(from the registers to the 
external counter) 
is accomplished 
by the UDC with 3 sep- 


arate outputs 
on AB7-0, 
with the contents 
of DMA 24-16 
bein~ transfered first. In memory areas that require less than 
24 bit addressing, 
the higher order bits are overwritten. 
The 


external counter 
must be incremented 
with the UDC's DS 


signal after each byte transfer. 


If, during read operations, 
an error is detected during the 


data transfer, a retry will occur (if so programmed), 
and the 


three DMA registers will re-initialize 
the external counter to 


the original starting address. 


During multiple 
sector 
read/write 
operations, 
the DMA 


address 
contained 
in the DMA 
registers 
will be incre- 


mented 
by the size of the sector selected 
at each sector 
boundary. 
This ensures 
that during 
read operations 
the 


address 
contained 
in the DMA registers 
always 
corre- 


sponds to the proper memory starting address of the sector 
currently being read. 


c 
c 
c 
0 
0 
0 
u 
u 
U 


AB7-0 
N 
N 
N 
ADD 16-23 


T 
T 
T 


E 
E 
E 


HDC9224 
R 
R 
R 


DESIRED 
SECTOR 
REGISTER 
(R/W Register; 
Address 
3) 


This 8-bit read/write 
register 
is loaded with the starting 


sector 
number 
of a multiple 
sector 
read/write 
operation. 


Except for the last sector of the operation, 
this register is 


incremented after each sector is written or read without error. 


If the UDC terminates 
a command 
because 
of an error, 
this register 
will normally 
contain 
the bad sector number, 
and may be read by the processor. 


DESIRED 
HEAD 
REGISTER 
(Write 
Register; 


Address 
4) 
The contents 
of this reQister are compared 
to the disk 


sector's 
ID Field when verifying a seek operation. 


For the PC/AT format, this register is loaded with a 2-bit 


sector size, and 4-bit head number. 


BIT 7 
Bad Block Mark (always 0) 
BITS 6,5 
Sector Size 


SECTOR 
SIZE 
256 
512 
1024 
128 


BIT 4 
Always 0 
BIT 3-0 
Desired Head Number 


For the SMC format, this 8-bit write only register is loaded 


with the 4-bit head 
number 
and the upper 
3-bits 
of th~ 


desired cylinder 
number. 


BIT 7 
Bad Block Mark (always 0). 


BITS 6-4 
MSBs of the Desired Cylinder number. 
BITS 3-0 
Desired Head Number. 


The desired 
head 
number 
is output 
on AB3-0 
during 


OUTPUT 
2 times. 


DESIRED 
CYLINDER 
REGISTER 
(Write 
Register; 


Address 
5) 


This 8-bit write only register is loaded with the 810w order 


bits of the desired cylinder 
(MSB in Bit 7). Combined 
with 
the 3 high order bits loaded into the DESIRED 
HEAD REG- 
ISTER, these 
11 bits form the desired cylinder 
number, 


which is checked 
by read and write operations 
during the 


Check ID portion of the command. 


SECTOR 
COUNT 
REGISTER 
I 


(Write 
Register; 


Address 
6) 


This 8-bit write only register is loaded with the number of 


sectors to be operated 
on by the read or write command. 


This allows multiple sectors on the same cylinder to be either 
written or read. 


RETRY COUNT 
REGISTER 
(Write 
Register; 


Address 
7) 


This 8-bit write only register 
is loaded with the number 


of times the UDC should 
retry to read a data field before 


reporting 
an error. Additionally, 
this register is loaded with 


the user programmable 
output signals that the UDC out- 


puts on ABO-3 during OUTPUT 
1 times. 


The retry count is loaded (in 1's complement 
format) into 


the 4 most significant 
bits of this register. 
The user programmable 
output signals are loaded 
into 
the 4 least significant 
bits of the register. 
BITS 7-4 
Desired 
Retry Count 
(in 1's complement 


format) 
BITS 3-0 
User Programmable 
Output Signals 


MODE REGISTER 
(Write 
Register; 
Address 
8) 


This 8-bit write only register defines the operating 
mode 


of the UDC as follows: 
BIT 7 (DRIVE 
DATA TYPE) 
This bit determines 
how the UDC decodes 
data from the 


drive. 


BIT 7 = (1): UDC configured 
for hard disk use. (Level 


transitions) 
BIT 7 = (0): UDC configured 
for floppy use. (Pulse 


inputs) 


DRIVE TYPE 
5.25" HARD DISK 
8" FLOPPY 
5.25" FLOPPY 


DB2 
DB1 
DBO 
STEP RATE 
STEP RATE 
STEP RATE 


1 
1 
1 
3.2ms 
32ms 
64ms 
1 
1 
0 
1.6 ms 
16ms 
32ms 
1 
0 
1 
0.8ms 
8ms 
16ms 
1 
0 
0 
0.4 ms 
4ms 
8ms 


0 
1 
1 
0.2ms 
2ms 
4ms 


0 
1 
0 
0.1 ms 
1 ms 
2ms 


0 
0 
1 
0.05 ms 
0.5ms 
1 ms 


0 
0 
0 
21.8 us 
218 us 
436 us 


Pulse Width: 
11.2 us 
112 us 
224 us 


BITS 6,5 (CRC/ECC 
Enable Code) 


These 
bits determine 
the error detection/correction 
code 


generated 
and 
checked 
by the 
UDC. 
In addition, 
they 


enable 
the Write Long command. 


DB6 
DB5 
CODE GENERATED/CHECKED 


0 
0 
CRC 
0 
1 
Enable Write Lon~ 


1 
0 
Internal 32 bit EC 
without correction 


1 
1 
Internal 32 bit ECC with correction 


With internal 
ECC selected 
the UDC will transfer 
4 extra 


bytes during 
reads and writes. 
Normal 
CRC checking 
is 


still done on aliiD 
fields. 
If ECC is not selected, 
then the UDC will perform 
CRC 


checks 
on both data and ID fields. 
BIT 4 (Single 
or Double 
Density) 
This 
bit determines 
whether 
the 
UDC 
will 
perform 
its 


operations 
in either single 
or double 
density. 
BIT 4 = (1) Single 
Density 
(FM) Format 


BIT 4 = (0) Double 
Density 
(MFM) 
Format 


BIT 3 (ALWAYS 0) 


BITS 2,1,0 (Step Rate Select) 
These bits are programmed 
to select the desired drive step 


rate. Note that all step rates are determined 
by the type 


of drive and density selected, 
and are scaled from the CLK 


input. 


The UDC can output 
extremely 
rapid step rate pulses 
if 


these bits are set to 000. This is useful when the UDC is 
controlling 
drives which support 
buffered seeks. For other 
speeds, 
please 
refer to the table above. 


INTERRUPT/COMAND 
TERMINATION 
REGISTER 
(Write Register; 
Address 
9) 


This 8-bit write only register 
allows the programmer 
to 


mask out a number of conditions 
that would cause termi- 


nation of a command. 
(Such termination 
occurs when the 


DONE 
bit in the 
INTERRUPT 
STATUS 
register 
is set.) 


One bit in this register also controls the generation 
of inter- 
rupts when either the DONE bit or the READY 
CHANGE 


bit in the INTERRUPT 
STATUS register go active. 


In the IBM® PC-AT mode, this bit should always be set to 
"1 ". Failure to do so may result in unreliable 
operation. 


ID field CRC and data field CRC or ECC are generated 
and tested from the first A1 HEX byte in the ID field. 


BIT 6 (ALWAYS "0") 
This bit should always be SE)tto "0" by the user. Failure to 
do this may result in unreliable 
operation. 


BIT 5 (INT ON DONE) 
If this bit is set (to "1 "), an interrupt 
will occur when the 


DONE 
bit in the INTERRUPT 
STATUS 
register 
is set. If 


this bit is reset (to "0"), 
no interrupt 
will be generated 
for 


this condition. 


BIT 4 (DELETED 
DATA MARK) 


If this bit is set (to "1 "), the DONE bit in the INTERRUPT 
STATUS 
register 
will be set when the DELETED 
DATA 


MARK bit in the CHIP STATUS register goes active, and 
the command 
will terminate 
when tile current sector oper- 


ation is completed. 


BIT 3 (USER 
DEFINED) 


If this bit is set (to "1 "), the DONE bit in the INTERRUPT 
STATUS 
register 
will be set when 
the USER 
DEFINED 


status bit in the DRIVE STATUS register goes active, and 
the command 
will terminate 
when the current sector oper- 


ation is completed. 


BIT 2 (WRITE 
PROTECT) 
If this bit is set (to "1 "), the write or write format command 
in progress will terminate 
and the DONE bit in the INTER- 


RUPT STATUS register will be set when the WRITE 
PRO- 


TECT bit in the DRIVE 
STATUS register goes active. 


BIT 1 (READY 
CHANGE) 


If this bit is set (to "1 "), an interrupt 
will occur when the 


READY CHANGE 
bit in the INTERRUPT 
STATUS register 


is set. If this bit is reset (to "0"), 
no interrupt 
will be gen- 


erated for this condition. 


The user should 
note that as a drive is selected 
or dese- 


lected, 
it is possible 
for the ready 
line from the drive to 


change 
state, and care should 
be taken in the design of 


the interrupt 
handler. 


BIT 0 (WRITE 
FAULT) 


If this bit is set (to "1 "), the write or write format command 
BIT 7 (ALWAYS "1 ") 
in progress will terminate 
and the DONE bit in the INTER- 
Setting this bit to "1" Will cause the CRC register to preset 
RUPT STATUS register will be set when the WRITE FAULT 
to 1 for CRC generation 
and checking. 
status bit in the DRIVE STATUS register is set. The com- 
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mand in progress 
will terminate 
when the current 
sector 


operation 
is completed. 


DATA/DELAY REGISTER 
(R/W Register; Address 
OAH) 


This 8-bit 
read/write 
register 
serves 
three 
purposes. 
During 
UDC writes, 
data 
is placed 
in this 
register 
for 


recording 
to the disk. During UDC reads, recovered 
data 


is fetched 
from this register 
for storage 
into memory. 
All 


transfers 
occur via DB7-0, under DMA control. 


Additionally, 
this register is loaded with the HEAD LOAD 


TIMER COUNT when the Drive Select command 
is issued. 


(Note that the actual amount of head load time is this value, 
times 
a value predetermined 
by the UDC, based on the 


type of drive selected. 
For more information, 
please see 


the Drive Select command 
description.) 


Finally, in the IBM® PC-AT mode, this register 
is used 


for a third purpose. 
If Implied Seek is enabled, this register 


is used by Seek/Read 
10 and Read/Write 
commands 
to 


control 
the 
UDC seek 
operation. 
The data 
in the Datal 
Delay Register and the Current Cylinder 
Register are used 


to calculate 
the direction 
and step count for a seek. 


Please note, the MSB's of the Desired Cylinder Number 


does not correspond 
to those written 
in the Disk 10 field. 


BITS 7,6 
Always 0 


BITS 5,4 
Actual Sector Size 


5 
4 
Sector Size 


0 
0 
128 
0 
1 
256 
1 
0 
512 
1 
1 
1024 


BITS 3,2 
Always 0 


BITS 1,0 
MSB's of Cylinder 
Number 


1 
0 
Cylinder Number 


0 
0 
0- 
255 
0 
1 
256 - 
511 


1 
0 
512 - 
767 
1 
1 
768 - 1023 


COMMAND REGISTER 
(Write Register) 


This 8-bit write only register is used to pass commands 


to the UDj;:. Valid com~nds 
are given to the UDCJ1y 


setting 
C/O high and R/W active high, while strobing 
OS 


active (low). 


CURRENT HEAD REGISTER 
(Read Register) 


This 8-bit read only register is updated from the disk when 


valid 10 field sync mark is found while executing 
a SEEK! 


READ 10 command. 


IBM® PC-AT MODE 


BIT 7 
= 1 Last Sector read had BAD SECTOR 
bit set. 


= 0 Last Sector read had BAD SECTOR 
bit reset. 


BIT 6,5 
Sector Size 


SECTOR SIZE 


256 
512 


1024 


128 


6 
5 
o 
0 
o 
1 
1 
0 
1 
1 


'3IT 4 
Always 0 


niT 3-0 
Current Head Number (MSB in BIT 3) 


SoMCAND FLOPPY MODES 
BIT 7 
= 1 Last sector read had BAD SECTOR 
bit set. 


= 0 Last sector read had BAD SECTOR 
bit reset. 


BITS 6-4 
Three most significant 
bits of the current cylinder. 


(Most significant 
bit in BIT 6). 


BITS 3-0 
Current Head Number (MSB in bit 3). 


(Read Register; 


Address 5) 


This 8-bit read only register is updated from the disk when 


a valid 10 field sync mark is found while executing a read 10 
field command 
sequence. 
This register 
will contain 
the 8 


least significant 
bits of the cylinder 
10 number, as specified 


during formatting. 
(The 3 most significant 
bits of the 11 bit 


cylinder 
10 number are contained 
as part of the CURRENT 


HEAD REGISTER.) 


CURRENT IDENT BYTE REGISTER 
(Read Register; 


Address 6) 


This 8-bit read only register reads the Ident Byte from the 


disk during the Read 10 command 
sequence. 
The Current 


Ident Byte is written to the disk during the format, changing 
as specified 
below. 


IDENT BYTE 
FE 
FF 
FC 
FD 


CYLINDER NUMBERS 


0-255 
256- 511 
512-767 
768 -1023 


INTERRUPT STATUS REGISTER 
(Read Register) 


This 8-bit read only register contains 
status information 


associated 
with interrupt 
conditions 
and errors that occl!! 


during disk QQeration. This register is read by setting C/O 
high, and R/W high. 


When the Interrupt Status register is read, the INT output 


signal from the UDC will be reset (to an inactive low level). 


BIT 7 (INTERRUPT 
PENDING) 
A "1" indicates 
that either DONE bit or READY 
CHANGE 


bit has gone active. The user may disable these interrupts 
by setting 
the appropriate 
bits in the INTERRUPT/COM- 


MAND TERMINATION, 
REGISTER. This bit is reset (to "0") 


by reading the Interrupt Status register. 


BIT 6 (DMA REQUEST) 
A "1" indicates that the UDC requires a data transfer either 
to or from its data register. This bit is reset (to "0") by the 
data transfer. 


BIT5(DONE) 
A "1" indicates that the current command is completed. This 
bit is reset (to "0") when a new command 
is issued. 


BIT 4,3 (COMMAND 
TERMINATION 
CODE- 
(Valid only when DONE is set) 
. 


These 
two 
bits 
indicate 
the 
command 
termination 


conditions: 
I 


BIT4 
BIT3 
CONDITIONS 


0 
0 
Successful command termination 


0 
1 
Execution error in READ ID 
Sequence 
1 
0 
Execution error in SEEK Sequence 


1 
1 
Execution error in DATAfield 


More detailed 
command 
termination 
error information 
is 


obtained 
by reading the Chip Status register. 


BIT 2 (READY CHANGE) 
A "1" indicates 
that the "ready" 
signal from the drive has 


experienced 
a low-to-high 
or high-to-Iow 
transition. 
(This 


shows that the drive has either become 
ready or become 


not ready.) This bit is reset (to "0") by reading the Interrupt 
Status register. 


BIT 1 (OVERRUN/UNDERRUN) 
A "1" indicates 
that a overrun 
or underrun 
condition 
has 
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occured during a read or write command. 
These conditions 
occur when the UDC does not receive an acknowledge 
(to 
a DMA request) by the time a byte is ready for transfer to or 
from the processor. 
This bit can only be reset (to "0") with a RESET command 
or a high on the RESET pin. 


BIT 0 (BAD SECTOR) 
A "1" indicates that a bad sector (as indicated from the MSB 
of the head ID byte in the ID field) has been encountered. 
This bit is reset when a new command 
is issued, or a good 


sector is read. 


CHIP STATUS REGISTER 
(Read Register; Address 8) 
This 8-bit read only register supplies additional 
chip sta- 
tus information. 
The information 
in this register is only valid 
between 
the time that the DONE bit is set in the INTER- 
RUPT STATUS register and the time when the next com- 
mand is issued to the UDC. 


BIT 7 (RETRY 
REQUIRED) 
If a retry was attempted 
by the UDC during the execution of 
any read or write command, 
this bit is set (to "1 "). 


BIT 6 (ECC CORRECTION 
ATTEMPTED) 
If the internal 
ECC circuitry 
has attempted 
to correct a bad 


sector, this bit is set (to "1 "). 


BIT 5 (CRC/ECC 
ERROR) 
If the UDC detects 
a CRC error or an ECC error this bit is 
set (to "1 "). 


BIT 4 (DELETED 
DATA MARK) 
If the UDC reads a deleted data mark in the ID field, this bit 
is set (to "1 "), otherwise 
it is reset (to "0"). 


BIT 3 (SYNC ERROR) 
If the UDC does not find a sync mark when it is attempting 
to read either an ID or data field, then this bit is set (to "1 "). 
The command 
being executed 
will terminate 
when this bit 
is set. 


BIT 2 (COMPARE 
ERROR) 
If the information 
contained 
in the DESIRED 
HEAD and 
DESIRED 
CYLINDER 
registers 
does not match that con- 
tained in an ID field on the disk, this bit is set (to "1 "). The 
command 
being executed will terminate 
when this bit is set. 


BIT 1,0 (PRESENT 
DRIVE SELECTED) 
These two binary encoded bits represent the drive currently 
selected 
and correspond 
to the Drive Select bits set in the 
Output 1 and Output 2 latches. 


BIT1 
BITO 
DRIVE SELECTED 


0 
0 
0 
0 
1 
1 
1 
0 
2 


1 
1 
3 


(Read Register; 
Address 
9) 
This 8-bit read only register contains 
status information 
generated 
by the drives, external 
ECC Chip (if any), and a 
user definable 
input to the UDC from the drive. 
To save pins on the UDC, the 8 status lines are input on 
AB7-0 and are latched in this internal register. The UDC will 
update this register whenever 
it is not using AB7 -0 to output 
DMA counter values, OUTPUT 1, or OUTPUT 2 data. When 
configured 
as described 
below, the UDC will input drive sta- 
tus signals and interpret them as follows. In all cases, a logic 
"1" is considered 
the active input. 


BIT 7 (ECC ERROR) 
This bit is set (to "1 ") when the ECC ERROR si~nal is gen- 
erated by an external 
ECC chip. This signal is Input to the 
UDConAB7. 


BIT 6 (INDEX) 
This bit is set (to "1 ") when the INDEX 
signal 
from the 


selected 
drive is active. 
Typically, 
index pulses 
from the 


drives are active for 1Ous-1 OOus for each disk revolution. 
This signal is input to the UDC on AB6. 


BIT 5 (SEEK COMPLETE) 
This bit is set (to "1 ") when the SEEK COMPLETE 
signal 


from the selected drive is active. This bit will go active when 
the heads of the selected drive have settled over the desired 
track (at the completion 
of a seek). 


When a drive supplies this signal, reading and writing should 
not be attempted 
until SEEK COMPLETE 
is set (to "1 "). 


This signal is input on AB5. 
For floppy disk operation, 
where the drives normally do not 


provide this signal, a retriggerable 
one shot could be used 


to generate 
a SEEK COMPLETE 
signal (if desired). 


BIT 4 (TRACK 
00) 
This bit is set (to "1 ") when the TRACK 
00 signal from the 


selected drive is active. This indicates that the heads on the 
selected drive are positioned over track O.This signal is input 
onAB4. 


BIT 3 (USER DEFINED) 
This bit is set (to "1 ") when the USER DEFINED 
signal is 


active. This signal is input on AB3. 


BIT 2 (WRITE 
PROTECT) 
This bit is set (to "1 ") when the WRITE 
PROTECT 
signal 


from the selected drive is active. When set, this bit indicates 
that the disk in the selected 
drive is write protected. 
This 


signal is input on AB2. 


BIT 1 (READY) 
This bit is set (to "1 ") when the READY 
signal from the 


selected drive is active. When set, this bit indicates that the 
drive is ready to execute commands. 
This signal is input on 


AB1. 


BIT 0 (WRITE 
FAULT) 
This bit is set (to "1 ") when the WRITE 
FAULT signal from 


the selected 
drive is active. This signal, when active, indi- 


cates that a condition 
exists at the drive that would cause 


improper writing on the disk. This signal is input to the UDC 
onABO. 


TEMPORARY 
STORAGE 
REGISTERS 
The UDC contains two temporary storage registers, used 


by the UDC for internal 
operations. 
The host processor 


should 
not attempt 
to read or modify 
these 
registers, 
as 


unpredictable 
results may occur. 


The HDC 9234 has 16 high-level 
commands 
that provide 


the user with a high degree of flexibility 
and control. 
All of 


the commands 
for the UDC can be thought of as falling into 


one of two basic groups. 
The first group handles the "housekeeping" 
required by the 


drives and the UDC itself. These commands 
are: 


RESET 
STEP OUT 1 CYLINDER 
STEP IN 1 CYLINDER 
SET REGISTER 
POINTER 


DRIVE SELECT 
RESTORE 
DRIVE 
DESELECT 
DRIVES 
POLL DRIVES 


The second 
group 
comprises 
the "READ/WRITE" 
func- 


tions required 
in a magnetic 
disk subsystem. 
These com- 


mands are: 
SEEK/READ 
ID 
TAPE BACKUP 
(READ/ 


FORMAT TRACK 
WRITE) 
READ TRACK 
READ SECTORS 
LOGICAL 
READ SECTORS 
PHYSICAL 
WRITE 
SECTORS 
LOGICAL 
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An internal status byte, which contains the BAD SECTOR, 
DELETED 
DATA and OVER/UNDER 
RUN bits, along with 
the current state of the READY, WRITE PROTECT, WRITE 
FAULT, and USER DEFINED 
lines, is checked 
at various 
times during command 
execution. 


This internal status byte is examined 
before the execution 


of all READ/WRITE 
commands, 
and is also checked just 
prior to the completion 
of all commands 
(except for RESET, 


where its values would be meaningless.) 
This byte is also checked by the UDC between sector oper- 
ations 
during 
the execution 
of READ 
LOGICAL, 
READ 
PHYSICAL, 
WRITE 
LOGICAL 
and WRITE 
PHYSICAL 


commands. 


The UDC makes decisions 
regarding 
command 
termina- 


tion and interrupt generation 
based on the contents 
of this 


status byte, and the state of the bits in the INTERRUPT/ 
COMMAND 
TERMINATION 
register. (Note that "write pro- 


tect" and "write fault" 
status may cause command 
termi- 
nation only during write and format operations.) 


All commands 
(except RESET) 
terminate 
with the DONE 
bit in the INTERRUPT 
STATUS register being set. This bit 
may also be considered 
to be an inverted 
"busy"· line, as 


the UDC resets it upon receipt of a valid command. 


During all READ/WRITE 
group commands 
(except FOR- 


MAT TRACK 
and BACKUP), 
the UDC utilizes some com- 


mon command execution sequences. 
Prior to entering each 


sequence 
the UDC sets the COMMAND 
TERMINATION 


bits (in the INTERRUPT 
STATUS register) to a known state. 
If a command 
fails to execute properly, these bits may then 


be used to determine 
where the command 
aborted. 


The sequences 
common to the READ/WRITE 
group com- 
mands are as follows: 


1. READ ID FIELD 
(Command 
Termination 
Code = 0-1) 
First, the UDC attempts to find an ID Field Sync mark. 
If no sync mark is found within 33,792 byte times (byte 
time = time to read one byte from the type of drive 
selected), 
the SYNC 
ERROR 
bit (in the CHIP STA- 


TUS 
register) 
is set (to "1 "), and the command 
is 


terminated. 
During 
this 
phase, 
the 
UDC 
will 
raise 
and 
drop 
RDGATE up to 256 times (as it attempts to read each 
sector on the cylinder). 
After 
the 
ID Field is found, 
the UDC 
reads 
it and 
updates 
it CURRENT 
HEAD and CURRENT 
CYL- 


INDER registers. 
This information 
was written to the 


disk during formatting. 
Next, the UDC checks the CRC of the ID field which 
was read. If it is incorrect, 
the UDC sets (to "1 ") the 
CRC ERROR status bit (in the CHIP STATUS regis- 
ter) and terminates 
the command. 


If the CRC is correct, 
the UDC then calculates 
the 


direction and number of step pulses required to move 
the head from the current 
cylinder 
to the cylinder 


specified 
in the DESIRED 
HEAD REGISTER. 
These 
pulses, 
and the direction 
bit are output 
during 
the 
OUTPUT 
2 times. 


If a command should terminate while in the sequence, 
the COMMAND 
TERMINATION 
bits will be set to 
0-1. 


2. VERIFY 
(Command 
Termination 
Code = 1-0) 
After the UDC has read the ID Field, it attempts to ver- 
ify that it has found the correct cylinder. To do this, the 
UDC tries to find an ID Field sync mark on the selected 
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READ 
ANY 
ID 


FIELD 
FROM 


CURRENT 
CYLINDER 


I 


READ 
AND 
VERIFY 


ID FIELD 
FROM 
CURRENT 
CYLINDER 


disk. If the UDC is unable to find an 10 Field sync mark 
within 33,792 byte times, the SYNC ERROR bit (in the 
CHIP STATUS 
register) 
is set to "1", and the com- 
mand is terminated. 
The UDC, after finding the 10 Field sync mark, then 
reads the 10 field and compares 
the information 
on 
the disk to the information 
contained 
in the DESIRED 
CYLINDER, 
DESIRED 
HEAD and DESIRED 
SEC- 
TOR registers. 
The UDC will hunt for sync marks and read 10 fields 
until the desired sector is found. If the desired sector 
is not located 
within 
33,792 
byte times, 
then the 
COMPARE 
ERROR 
bit (in the CHIP STATUS regis- 
ter) is set to "1", and the command 
is terminated. 
After the correct sector is found, the UDC checks the 
CRC for the sector 10 Field. If this is found to be incor- 
rect, the UDC sets to "1" the CRC/ECC 
ERROR bit 
in the INTERRUPT 
STATUS register, and the com- 
mand is terminated. 
(When the UDC is executing 
a READ PHYSICAL 
or 
WRITE 
PHYSICAL 
command, 
10 Fields are checked 
only until the first sector to be transfered 
is found. No 
10 Field checking 
is performed 
on subsequent 
sec- 
tors, although 
CRC checking 
is done.) 
If a command should terminate while in this sequence, 
the COMMAND 
TERMINATION 
bits will be set to 
1-0. 


3. 
DATA TRANSFER 
(Command 
Termination 
Code = 1-1) 
If a READ 
PHYSICAL 
or READ 
LOGICAL 
com- 
mand is being executed, the UDC will try to find a data 
sync mark (FBhex or F8hex) on the disk. If the sync 
mark found is F8h, then the UDC will set the DELETED 
DATA MARK bit in the CHIP STATUS register. 
After a data sync mark is found, the UDC then updates 
its CURRENT 
HEAD 
and CURRENT 
CYLINDER 
registers from the information 
found on the disk and 
initiates a DMA request. If the host processor does not 
respond to the request within 1 byte time, then the UDC 
will setto "1" the OVER/UNDERRUN 
status bit in the 
INTERRUPT 
STATUS register, and the command will 


terminate. 
Using DMA, the UDC transfers a sector's worth of data, 
and then reads the ECC and/or CRC bytes. If a CRC 
error or uncorrectable 
ECC error is detected, the UDC 
will 
decrement 
the 
RETRY 
REGISTER, 
set the 
RETRY REQUIRED 
status bit (in the CHIP STATUS 
register), and return to the VERIFY sequence. 
If the UDC cannot read the sector, and the count in the 
ENTRY COUNT 
register has expired, then the CRC/ 


ECC Error bit (in the CHIP STATUS register) 
is set, 
and the command 
terminates. 
During a multi-sector 
transfer, the UDC updates the 
DMA registers after all sector operations, including the 
last one, and the SECTOR 
COUNT 
register 
is dec- 
remented. 
If the SECTOR 
COUNT register equals 0, 


then the command 
is terminated. 
If the SECTOR 
COUNT 
register is not equal to 0, then the UDC will 
increment 
the DESIRED 
SECTOR 
register, re-initial- 
ize the RETRY COUNT register (to its original value) 
and return to the VERIFY 
sequence. 


If a command should terminate while in this sequence, 
the command 
termination 
bits will be set to 1-1. 


COMMAND 
DESCRIPTION 
RESET 
(HexValue = 00) 
This command 
causes the UDC to return to a known state. 


This command 
allows the system software to reset the chip, 
and has the same effect as RST input becoming 
active. 


DESELECTDRIVE 
(HexValue = 01) 
This command 
causes 
all of the drive select 
bits (Drive 
Select 0-3) in the OUTPUT 
1 and OUTPUT 
2 registers to 
become inactive. 


RESTOREDRIVE 
(HexValues = 02,03) 
This command 
will cause 
the HOC 9234 to output 
step 
pulses to the selected 
drive, so as to move the head back 
to Track 00. Before each step pulse, the UDC first checks 
the TRKOO and READY bits in the DRIVE STATUS register. 
If TRKOO is active (high) or READY is inactive (low), then 
the UDC will terminate 
the command. 
The UDC will output up to 4096 step pulses. If the drive does 
not respond with an active (high) TRKOO signal within this 
period, the UDC will terminate the command with the DONE 
bit set (to "1") and the COMMAND 
TERMINATION 
CODE 
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bits set to 1-0. (These 
bits are contained 
in the INTER- 
RUPT STATUS register.) 
This command 
takes two forms: 


COMMAND BYTE 
RESULT 


02 
The command will terminate, and an inter- 
ruptgenerated afterthe UDC has issuedthe 
step pulses. 


03 
The command will terminate, and an inter- 
ruPt~enerated after the drive has provided 
a S EK COMPLETE signal to the UDC. 
(This is useful in systems with "buffered 
seek" drives.) 


This command 
uses the step rate value loaded 
into the 
MODE register. 


STEPIN 1 CYLINDER 
(HexValues = 04,05) 
This command 
will cause the HOC 9234 to issue one step 
'pulse towards the inner most track. This command 
is gen- 
erally used during track formatting, 
and takes two forms: 


COMMAND BYTE 
RESULT 
04 
The command will terminate, and an inter- 
rupt generated after the UDC issues the 
step pulse. 
05 
The command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec- 
ognition of SEEK COMPLETE the UDC will 
generate an interrupt. 


This command 
uses the step rate value programmed 
into 
the MODE register. 


STEPOUT 1 CYLINDER 
(HexValues = 06,07) 
This command 
will cause the HOC 9234 to issue one step 
pulse towards 
the outer most track (Track 00). This com- 
mand is generally 
used during track formatting, 
and takes 
two forms: 


COMMAND BYTE 
RESULT 
06 
This command will terminate, and an inter- 
rupt generated after the UDC issues the 
step pulse. 
O? 
This command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec- 
ognition ofthe SEEK COMPLETE,the UDC 
will generate an interrupt. 


the DRIVE STATUS register to determine 
which drive 
caused the command 
termination. 
The POLL DRIVES command must be preceeded by SEEK 
or DESELECT. 
In normal 
use, a SEEK command 
would 
precede 
the POLL 
DRIVES 
command. 
In those 
cases 
where 
another 
command 
(other 
than SEEK) 
has been 
issued to a drive in the polling sequence, 
it will be neces- 
sary to DESELECT 
that drive prior to issuing 
the POLL 
DRIVES command. 
This applies even if the selected 
drive 
was not included 
in the polling sequence. 


DRIVESELECT 
(HexValues = 20thru 3F) 
This command 
will cause one of (up to) four drives to be 
selected 
for operation. 
Any previously 
selected 
drive is 
deselected 
by this command. 
Bits 0 and 1 in the command 
word indicate (in binary form) which of the (up to) four drives 
has been selected. 


COMMAND 
WORD 
DRIVE 


DB1 
DBO 
SELECTED 


0 
0 
Drive 0 
0 
1 
Drive 1 
1 
0 
Drive 2 
1 
1 
Drive 3 


Decoded 
drive select signals are then placed on the data 
bus (via AB7-AB4) 
during OUTPUT 
1 times and should be 
latched externally. 
Since the HOC 9234 can interface both hard disks and floppy 
disks to a processor, 
the Drive Select command 
needs to 
also specify the type of drive being selected. 
Bits 2 and 3 in 
the command 
word are used to pass this information 
to the 
chip, and take the following 
form: 


COMMAND WORD 
TYPE 
DB3 
DB2 
OFDRIVE 


0 
0 
Hard disk with IBM~ PC-AT compat- 
ible format-512 
Byte data field and 
4 byte ID field per sector. No internal 
clock prescaling performed. 


0 
1 
Hard disk with user defineable for- 
mat. This format allows a data field 
length of 128, 256, 512, 1024,2048, 
4096,8192, 
or 16384 bytes with 5 
byte ID field per sector. No internal 
clock pre-scaling is performed. 
1 
0 
8 inch floppy disk, with standard 4 
byte (FM) or 5 byte (MFM) ID field. 
An internal divider creates a 1 MHz 
clock to be cornpatible with standard 
disk data rates. 
1 
1 
5.25 inch floppy disk, with standard 4 
byte (FM) or 5 byte (MFM) ID field. 
An internal divider creates a 500 KHz 
clock to be compatible with standard 
disk data rates. 
I 


This command 
uses the step rate value programmed 
into 
the MODE Register. 


POLL DRIVES 
(HexValues = 10thru 1F) 
This command 
polls the drives for a SEEK 
COMPLETE 
signal allowing the user to perform simultaneous 
seeks on 
up to four drives. 
Polling is enabled 
by setting 
(to 1) the 
appropriate 
bit in the command 
word: bit 0 for drive 0 thru 
NOTE: Microfloppy 
system 
designers 
should 
determine 
to bit 3 for drive 3. 
whether the drive they have chosen to use in the system is 
This command 
executes as follows: 
compatible 
with 8" floppy drives or 5.25" floppy drives, and 
The UDC will output a drive select for the first drive in 
use the appropriate 
values from the table above. 
the polling 
sequence 
and look for a SEEK 
COM- 
Note that eight inch Winchester-type 
drives require an 8.696 
PLETE status input from the polled drive. If the polled 
MHz system clock. All other drives require a 10 MHz system 
drive has not completed 
a seek, then this line remains 
clock. It is not possible for the UDC to derive internally the 
low (logic 0), and the UDC selects the next drive in the 
clocks required for floppy disk operation from the 8.696 MHz 
polling sequence. This continues until the UDC detects 
clock required by 8 inch Winchester 
drives. 
a SEEK COMPLETE 
signal from a drive, which causes 
To insure compatibility 
with various drives, the HOC 9234 
the DONE bit in the Interrupt Status register to be set, 
features a programmable 
head load timer. Head load delay 
and the command 
terminates. 
may be inhibited by resetting the Delay Bit (Bit 4) in the Drive 
The UDC will continue to selectthe 
drive that produced 
Select command 
word to O. If Bit 4 is set (to 1), then the 
the SEEK COMPLETE 
signal, allowing the user to read 
head load delay timer is configured 
with the value in the 
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reduces the number of times the user must set the register 
pointer during read and write operation. 
Care should be taken to ensure that only valid register val- 
ues are loaded 
into the command 
word. 
(Valid 
register 
numbers are a thru OAH.) 


SEEK/READ 
10 
(Hex Values = 50 to 57) 
This command 
will cause the UDC to read the first sector 
ID field found from the currently 
selected 
drive, head, and 
cylinder. The MODE register should contain the correct value 
for step rate and density options. 
After reading the ID field the UDC will examine the com- 
mand word and execute the specified 
options. Bits 2 thru a 
in the command 
word are used to specify 
the following 
options: 
BIT 2 = 1 STEP ENABLE. The UDC will execute the step 
sequence, 
and position 
the head on the track 
specified 
by the DESIRED 
CYLINDER 
register. 


BIT 2 = a STEP DISABLE. 
No step pulses will be issued 
by the UDC. 


BIT 1 = 1 WAIT FOR COMPLETE. 
The UDC will proceed 
to the verify sequence 
only after the drive has 
issued a SEEK COMPLETE 
signal. 


BIT 1 = a DO NOT WAIT FOR COMPLETE. 
The UDC will 
proceed to the verify sequence after the last step 
pulse has been issued. 


BIT a = 1 VERIFY 
ID. The UDC will execute the VERIFY 
sequence 
after operations 
selected 
by the pre- 
vious options have finished. 


BITO = a DISABLE 
VERIFY 
ID. The UDC will not enter 
the VERIFY 
sequence. 
Instead, the command 
will terminate. 
The order in which these options execute is: STEP, COM- 
PLETE, 
VERIFY 
ID. Any combination 
of these option bits 
may be specified 
in the command 
word. 


READ SECTORS 
PHYSICAL 
(Hex Values = 58 and 59) 
This command 
will cause the UDC to read up to a full track 
from the disk. The user specifies 
the MODE, 
DESIRED 
CYLINDER, 
DESIRED 
HEAD, 
and DESIRED 
SECTOR 
along with the SECTOR COUNT. When using the IBM<!l>PC- 
AT format, register A must also be initialized. 
The UDC will 
find the requested 
cylinder 
and sector and set up to begin 
the data transfer. 
(If using drives which support 
buffered 
seeks, BITS 2-0 in 
the MODE 
SELECT 
register 
should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE 
signal 
from the drive prior to entering the verify sequence.) 
If a BAD SECTOR 
bit is read (from the sector ID field) the 
UDC will set the COMMAND 
TERMINATION 
bits (in the 
INTERRUPT 
STATUS register) to 1-0, and set the DONE 
bit (in the INTERRUPT 
STATUS register) to 1, and termi- 
nate the command. 
After each sector is successfully read, the SECTOR COUNT 
register is decremented. 
If the SECTOR 
COUNT 
register 
is not yet equal to a the process 
is repeated 
for the next 
physical 
sector on the track. This command 
also will ter- 
minate if the Index pulse is received from the drive. 
(Note that after the first sector is found, no further compar- 
ison is made against sector numbers 
found on the disk as 
the DESIRED 
SECTOR 
register value may not correspond 
to the next physical 
sector on the disk because 
of sector 
interleaving.) 
This command 
takes two forms allowing the user to specify 
the desired transfer option. The options are specified by Bit 
a in the command 
word, and are: 
BIT a = 1 TRANSFER 
ENABLE. The UDC will transfer the 
data fields to (external) 
memory, using DMA. 


DATA/DELAY 
register 
(Register 
A), multiplied 
by value 
shown below: 


DRIVE AND 
HEAD LOAD TIMER INCREMENT 
FORMAT SELECTED (BIT 4 = 1 = Delay Enabled) 
5.25" HARD DISK 
200 usee 
(Double Density) 
5.25" HARD DISK 
400 usec 
(Single Density) 
(The 
HEAD 
LOAD 
8" FLOPPY 
2 msec 
(Double Density) 
TIMER is set to a value 


8" FLOPPY 
4 msec 
equal to this increment 


(Single Density) 
times the number inthe 


5.25" FLOPPY 
4 msec 
DATA/DELAYregister.) 


(Double Density) 
5.25" FLOPPY 
8 msec 
(Single Density 


The Drive Select command 
also optimizes 
certain charac- 
teristics of the HDC 9234 for the type of drive selected. 


IF HARD DISK SELECTED: 
-DMA 
mechanism 
works in burst mode and the bus is 
held for the entire sector transfer. 
-The 
RDGATE 
and WRGATE 
output signals follow the 
timing relationships 
shown in Figures12A 
and 12B. 
-The 
GAP lengths are as shown in Table 1. 
IF FLOPPY 
DISK SELECTED: 
-DMA 
mechanism 
transfers 
an 8-bit byte, and releases 
the bus. 
-The 
RDGATE 
and WRGATE 
output signals follow the 
timing relationships 
shown in Figures 12A and 12B. 
-The 
GAP lengths are as shown in Table 1. 
-The 
CLK input clock is prescaled 
(internally) 
to create 
an internal 
clock compatible 
with the floppy disk data 
rates. 


SET REGISTER 
POINTER 
(Hex Values = 40 to 4A) 
This command 
causes the register pointer to point to a reg- 
ister. The desired register number is loaded into the 4 least 
significant 
bits of the command 
word. (MSB in BIT 3). 
The register 
pointer 
is incremented 
by the UDC on each 
register 
access, 
until it points to the DATA ~egister. This 


BITO = 0 TRANSFER 
DISABLE. 
The 
UDC 
will 
NOT 
transfer 
any data to (external) 
memory, but all 
error 
detection 
circuitry 
will be enabled 
and 
errors reported. 
This is useful in detecting 
bad 
sectors and tracks on the disk. 
Before 
executing 
this command, 
the user must set the 
RETRY COUNT to O.This is done by loading Hie high order 
nybble in the RETRY COUNT register to "1111" 
(zero in 1's 
complement 
format). 
Failure to do this will result in unpre- 
dictable 
performance 
because 
the DESIRED 
SECTOR 
register value may not correspond 
to the next physical sec- 
tor on the disk. 


READ TRACK 
(Hex Values = SA and 58) 
When this command 
is issued, the UDC will read the data 
from the entire track on which the selected drive is currently 
sitting. The UDC will begin reading when it detects the lead- 
ing edge of an index mark signal from the drive, and termi- 
nate reading 
when it detects the next leading edge of an 
index mark signal. Sync detect is performed 
for the ID field, 


but no error checking 
is done on the data field. 


This command 
allows the user to specify 
a data transfer 
option, using Bit 0 in the command word. These options are: 
BIT 0 = 1 TRANSFER 
ALL DATA. The UDC will transfer 
the ID field and data fields to (external) memory. 
BITO = 0 TRANSFER 
ONLY IDs. The UDC will transfer 
only ID fields to the (external) 
memory. This is 
useful during tape backup operations. 


READ SECTORS LOGICAL 
(Hex Values = SCto SF) 
When this command 
is issued, the UDC will read up to a full 


track from the selected 
drive. Prior to reading the data from 
the disk, the UDC will (if enabled in command) 
use the infor- 
mation 
in the MODE, 
DESIRED 
CYLINDER, 
DESIRED 
SECTOR 
and DESIRED 
HEAD (and Register A for IBM® 


PC-AT model 
registers 
to locate the correct track, sector 
and drive surface 
(using the previously 
described 
VERIFY 
sequence). 
(If using drives which support 
buffered 
seeks, BITS 2-0 in 
the MODE 
SELECT 
register should 
be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE 
signal 
from the drive prior to entering the verify sequence.) 
Before the command 
is issued, the system processor 
must 
also load the desired 
values 
into the MODE, 
SECTOR 
COUNT, RETRY COUNT and the three DMA registers. 
After the desired track and sector is found and verified, the 
DATA TRANSFER 
sequence 
begins. After each success- 
ful sector 
transfer, 
the UDC increments 
the DESIRED 
SECTOR 
register 
(except 
after the last sector 
is trans- 
ferred), decrements 
the SECTOR 
COUNT register, and re- 
enters the VERIFY sequence. 
This process continues 
until 
the SECTOR 
COUNT 
register 
is equal to 0 (or an error 
occurs). 


This command 
has four options, which are specified by Bit 


1 and Bit 0 of the command 
word. The four options are: 


BIT 1 = 1 IMPLIED 
SEEK 
DISABLED. 
The UDC will not 
update the CURRENT 
CYLINDER, 
CURRENT 
HEAD OR CURRENT 
SECTOR register and will 
not issue step pulses. 
BIT 1 = 0 IMPLIED 
SEEK 
ENABLED. 
The 
UDC 
will 
update the CURRENT 
CYLINDER, 
CURRENT 
HEAD and CURRENT 
SECTOR register and will 
issue step pulses if requird. 


TRANSFER 
ENABLED. 
The UDC will transfer 
data from 
the disk to the system. 
The 
DMA 
REQUEST 
status bit (in the INTERRUPT 
STA- 
TUS register) will be set when the UDC requires 
servicing. 


I 


BITO = 0 TRANSFER 
DISABLED. 
The 
UDC 
will 
not 
transfer 
data read from the disk, but all error 
checking 
circuitry will be enabled. 


FORMAT TRACK 
. 
(Hex Values 60 to 7F) 
This command 
causes the UDC to format the current cyl- 


inder from the leading edge of one index mark to the leading 
edge of the next index mark. The format chosen is depen- 
dent on the Drive Select command. 
During execution 
of the FORMAT 
TRACK 
command, 
the 
UDC will fetch all required ID field data from external mem- 
ory, and write it to the disk, along with format constants sup- 
plied automatically 
by the UDC. This reduces the number 


of bytes required to format a sector to 3 or 4, depending 
on 
the format chosen. 
Before the FORMAT 
TRACK command 
can be given, the 
system processor 
must: 
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1. Generate 
an ID Field Table for the track in UDC memory 
area. This ID Field Table consists of: 
IDENT BYTE (not required for floppy disk FM format) 
CYLINDER 
BYTE 
HEAD BYTE 
SECTOR 
NUMBER 
BYTE 
SECTOR 
SIZE/ECC 
SIZE 
BYTE 
(not required 
for 
IBM® PC-AT FORMAT) 
repeated for each sector on 
the track. 


22 


14 


6 


29 


The UDC can format a track with interleaved 
sectors by 
staggering 
the sector numbers. 
For example, to format a 
32 sector track, with a sector interleave 
factor of 4, the 
system processor 
would set up the ID Field table sector 
numbers as follows: 
0,8,16,24,1,9,17,25,2,10,18,26,3,11,19, 
27 ... 7,15,23,31. 
(Note that when formatting 
in IBM® PC-AT and floppy FM 
modes, only four bytes are required for each sector, while 
five bytes are needed for floppy MFM and user definea- 
ble formats. Also note that sector numbers start with zero 
(0) on IBM® PC-AT compatible 
format, and start with one 


(1) on IBM formatted 
floppy diskettes.) 
2. Load the UDC DMA registers with the starting 
address 
of the external memory buffer containing the ID Field data 
just created. 
3. Issue the DRIVE SELECT 
command, 
which moves the 
DMA registers 
to the CURRENT 
HEAD, 
CURRENT 
CYLINDER, 
and a TEMPORARY 
REGISTER. 
(This is 
necessary 
because 
the UDC will now re-use the DMA 
registers to hold format parameters). 
When formatting 
multiple cylinders, 
the system proces- 
sor does not need to re-issue DRIVE SELECT 
between 
cylinders 
as the STEP 
IN and STEP 
OUT commands 
preserve the DMA addresses 
and format parameters. 
It 
is necessary, 
however, 
to update 
the ID Field table, 


described 
in #1, above. 


4. Load the DESIRED 
HEAD register with the propervalue. 
5. ·Load the following 
values (in the format shown) into the 
registers indicated 
below: 


PARAMETER 
FORMAT 
REGISTER 


GAPO Size 
two's complement 
DMA 7-0 
format 
GAP 1 Size 
two's complement 
DMA 15-8 
format 
GAP 2 Size 
two's complement 
DMA23-16 
format 
GAP 3 Size 
two's complement 
Desired Sector 
format 
Sync Size 
one's complement 
Desired Cylinder 
format 
Sector Count 
one's complement 
Sector Count 
format 
Sector Size Mult. 
one's complement 
Retry Count 
format 


FORMAT 
PARAMETERS 
TABLE 


When using the hard disk format, the values for GAP 0 
and GAP 1 must both be set to the same number, and 
loaded into the appropriate 
DMA register. 
The Sector Size Multiple programs the UDC to format with 
a sector size that is a multiple of 128 data field bytes. For 
example, to format a track with a sector data field size of 
256 bytes, then the Sector Size Multiple would be set to 
FD hex, which is "2" in one's complement 
notation. 
In IBM® PC/AT mode, the sector sizes allowed are 128, 
256,512, 
or 1024 bytes. In IBM® floppy disk format, the 
sector sizes allowed are 128, 256, 512, or 1024 bytes. With 
user defineable 
hard disk formats, 
allowed sector sizes 
are 128,256,512,1024,2048,4096,8192, 
or 16384 bytes. 


6. Load the MODE register to specify the step rate, single 
or double density option, and CRC/ECC 
options. 


7. Step to the desired 
track. For the first track, this is nor- 
mally done by issuing a RESTORE 
DRIVE command, 
to 
return the heads to Cylinder 000, then use the STEP IN 
1 or STEP OUT 1 commands 
to move the head to sub- 
sequent cylinders 
on the disk. 


8. Issue the FORMAT TRACK command. 
All data fields on 
the disk will be filled 
with 
E5 hex. In double 
density 
recording 
(MFM) all gaps will be filled with 4E hex, while 
in single density 
(FM) all gaps will be filled with FF hex. 
This format is compatible for IBM specifications for floppy 
disks. 
9. To Format additional tracks, it is only necessary to update 
the ID Field table (step 1) and repeat steps 7 and 8. Do 
NOT modify the DESIRED 
HEAD register when format- 


ting additional 
tracks with the same head. If it is neces- 
sary to change the DESIRED 
HEAD register, the system 
processor 
must repeat all steps described 
above. 


The 
FORMAT 
TRACK 
command 
allows 
the user to 
specify several options. 
These options are specified 
by 
setting 
the appropriate 
low order bits in the command 
word. The bit mapping for these options are: 


BIT 4 = 0 Write 
Deleted 
Data Mark. 
During the format 
process, 
the UDC will write the deleted 
data 
mark (F8 hex) for the data address field. 
BIT 4 = 1 Write 
Normal 
Data Mark. 
During 
the format 
process, 
the UDC will write the normal 
data 
field address mark (FB hex). 


BIT 3 = 1 Write with Reduced Current. When this bit is set, 


the Reduced 
Write Current 
Output will go high 
(active) during the Output 2 time slot. 


BIT 3 = 0 Write with Normal Current. When this bit is reset, 


the Reduced Write Current Output wil remain low 
(inactive) during the Output 2 time slot. 


Bits 2, 1, and 0 are used to select the Write Precompensa- 
tion value to be used during the format of disks. The follow- 
ing table specifies 
these values: 
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SECTOR 
SIZE FIELD 
BITS (IBMI!!>FLOPPY 
AND USER 
SELECTABLE 
HARD 
DISK FORMATS) 


DB2 
DB1 
DBO 
IBM FD FORMAT 
HD FORMAT 


0 
0 
0 
128 bytes/sector 
128 bytes/sector 
0 
0 
1 
256 bytes/sector 
256 bytes/sector 
0 
1 
0 
512 bbtes/sector 
512 bbtes/sector 
0 
1 
1 
1024 ytes/sector 
1024 ytes/sector 
1 
0 
0 
not used 
2048 bytes/sector 
1 
0 
1 
not used 
4096 bytes/sector 
1 
1 
0 
not used 
8192 bytes/sector 
1 
1 
1 
not used 
16,384 bytes/sector 


FORMAT 
ECC TYPE 
FIELD 
(IBMI!!>FLOPPY 
AND 
USER SELECTABLE 
HARD 
DISK FORMATS) 


DB7 
DB6 
DB5 
DB4 
HD FORMAT 
o 
0 
0 
0 
4 ECC bytes generated/checked 
1 
1 
1 
1 
5 ECC bytes generated/checked (1) 
1 
1 
1 
0 
6 ECC bytes generated/checked (1) 
1 
1 
0 
1 
7 ECC bytes generated/checked (1) 
note 1: WITH EXTERNAL ECC 


ID FIELD 
IDENT' 
CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
Ident Byte 
track number 
side number 
sector number 
sector size 
(3 bits) 


ID FIELD 
CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
track number 
side number 
sector number 
X 
X 
X 
X 
X 


HARD 
DISK FORMAT: 
IBM PC-AT FORMAT 
(512 BYTES) 


ID FIELD 
IDENT 
CYLINDER 
HEAD 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
Ident Byte 
cylinder number (8 LSB's) 
o 
sctr 
sctr 
0 
hd# 
hd# 
hd# 
hd# 
bit 1 bit 0 
bit 3 bit 2 bit 1 bit 0 


HARD 
DISK FORMAT: 
(USER SELECTABLE 
SECTOR 
SIZE) 


ID FIELD 
IDENT' 
CYLINDER 
HEAD 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 
Ident Byte 
cylinder number (8 LSB's) 
bad cyl# cyl# cyl# 
hd# 
hd# 
hd# 
hd# 
sctr 
bit10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 0 
flag 
sector number 
ECC type 
X 
sector size 
(3 bits) 


ID FIELD 
IDENT BYTE 
FE 
FF 
FC 
FD 


CYLINDERS 
0-255 
256 - 511 
512 - 767 
768 - 1023 


WRITE 
SECTORS 
LOGICAL 
(Hex Values 
AO thru 
BF, 


EO thru 
FF) 
This command 
will cause the UDC to write logically 
con- 
secutive sectors on the disk. Before issuing this command, 
the 
system 
processor 
must 
load 
the 
following 
UDC 
registers: 
DESIRED 
SECTOR 
DESIRED 
HEAD 
DMA 7-0 
DMA 23-16 
RETRY 
COUNT 


DESIRED 
CYLINDER 
SECTOR 
COUNT 
DMA 15-8 
MODE 
REGISTER 
A (for IBMI!!> 


PC-AT Mode) 
Since retries 
during 
a write 
command 
are not valid, the 
high order nybble of the RETRY register should be set to 
0, in 1's complement 
format 
(1111). 


CALCULATE 
CRC 
OR 
ECC 
BYTES 
AND 
WRITE 
TO DISK 
I 


Before writing data to the selected 
disk drive, the UDC will 
read the current 
ID field, 
step to the desired 
cylinder 
(if 
enabled 
in command) 
and verify that has located the cor- 
rect cylinder and sector. (These steps were described 
pre- 
viously 
under "UDC 
Command 
Overview"). 


After the "Verify" 
sequence 
is done, the "data 
transfer" 


sequence 
begins. 
The UDC will first write 
either a Data 
Mark (FB hex) or Deleted Data Mark (F8 hex) on the disk, 
as selected 
by the user (see below). 
Then the UDC will 
transfer 
a sector's 
worth 
of data 
(using 
DMA) 
from the 
memory area specified 
by the DMA registers. 
After writing 
out the sector, CRC or ECC bytes will be written as spec- 
ified by the MODE register. 


Next, the SECTOR 
COUNT 
register is decremented, 
and 
if not yet equal to 0, the operation 
continues 
for the next 
logical sector. 


This command 
allows the user to specify several options. 
These options are specified 
by bits in the command 
word 
and are as follows: 
BIT 6 = 1 IMPLIED SEEK DISABLED. The UDC will 
not update 
the CURRENT 
CYLINDER, 


DESIRED 
CYLINDER 
SECTOR 
COUNT 
DMA 15-8 
MODE 
REGISTER 
A 
(for IBM® PC-AT mode) 


WRITE 
LON~ 
can operate 
on only one sector 
per com- 


mand. The sector slew register should be programmed 
to 
1. The value in the retry counter 
is decremented 
by the 
HDC9234. 
It should, 
therefore, 
be programmed 
for each 
Bits 2, 1, and 0 are used to select the Write Precompen- 
Write Long command. 
sated value to be used during 
writes to disks. The table 
This mode is enabled 
by programming 
the mode register 
below specifies 
these values. 
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CURRENT 
HEAD 
OR 
CURR~NT 
SECTOR 
register and will not issue step 
pulses. 


BIT 6 = 0 IMPLIED SEEK ENABLED. The UDS will 
update 
the 
CURRENT 
CYLINDER, 
CURRENT 
HEAD 
and 
CURRENT 
SECTOR 
re~ister 
and 
will 
issue 
step 
pulses 
if required. 


BIT 4 = 1 DELETED 
DATA MARK. 
Data 
will 
be 
written with a Deleted Data Mark (F8 hex) 
in the 10 field. 


BIT 4 = 0 NORMAL 
DATA MARK. Data will be writ- 
ten with a Normal Data Mark (FB hex) in 
the 10 field. 


BIT 3 = 1 REDUCED 
WRITE 
CURRENT. 
Setting 
this 
bit will cause 
the UDC's 
Reduced 
Write Current 
output to go high. 


BIT 3 = 0 NORMAL 
WRITE 
CURRENT. 
Resetting 
this bit will cause 
the UDC's 
Reduced 
Write Current 
output to go low. 


Bits 2, 1, and 0 are used to select the Write Precom- 
pensation 
value to be used during 
writes 
to floppy 
disks. The table below specifies 
these values. 


BIT 2 
BIT 1 
BITO 
Precompensation 
(For Floppy 
Disks) 


0 
1 
0 
None, 
enable 
EARLY 
and 
LATE Outputs 
1 
0 
1 
600 nsec, 
Minifloppy 
only 
0 
1 
1 
500 nsec, 
Minifloppy 
only 
1 
1 
1 
400 nsec, 
Minifloppy 
only 
1 
1 
0 
300 nsec 
1 
0 
0 
200 nsec 
0 
0 
1 
100 nsec 
0 
0 
0 
None, 
suppress 
EARLY 
and 
LATE Outputs 


NOTE: For hard disks, precompensation 
is handled 
with an external 
delay line, which is Connected to 
the EARLY and LATE Outputs 
of the UDC. These 
lines toggle 
in response 
to the data pattern being 
written to the disk. 


This command 
will cause 
the HDC9234 
to transfer 
one 
sector of data and four ECC bytes from the buffer to the 
disk. The system processor 
must load the following 
UDC 
registers: 


DESIRED 
SECTOR 
DESIRED 
HEAD 
DMA 7-0 
DMA 23-16 
RETRY COUNT 


(R8) bits 6 and 5 to 01. In this mode there is no retry. The 
retry counter 
register 
(R7) will be used as the ECC check 


byte length counter. The 1's complement value of the desired 
check 
byte length 
plus two should 
be programmed 
into 
these 4 bits, mapped as follows: 


REGISTER 
7 
ECCLENGTH 


1111 
2 
1110 
3 
1101 
4 
1100 
5 
1011 
7 
· 
· 
· 
· 
· 
· 
The system processor 
then issues the Read Sector Logic 


command. Signal ECCTM will not be activated in the WRITE 
LONG operation. 


Before writing data to the selected 
disk drive, the UDC will 
read the current 
10 field, step to the desired cylinder 
(if en- 
abled in command) 
and verify that it has located the correct 
cylinder 
and sector. 
(These 
steps were described 
previ- 
ously under "UDC Command 
Overview"). 


After 
the "Verify" 
sequence 
is done, the "data 
transfer" 


sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted 
Data Mark (F8 hex) on the disk, as 
selected 
by the user (see below). Then the UDC will trans- 
fer a sector's worth of data including the programmed 
num- 
ber of ECC bytes using (DMA) for the memory area specified 
by the DMA register. 


This command 
allows the user to specify several options. 


These 
options 
are specified 
by the bits in the command 


word, as follows: 


BIT 6 = 1 IMPLIED 
SEEK DISABLED. 
The UDC will 


not update 
the CURRENT 
CYLINDER, 


CURRENT 
HEAD 
or 
CURRENT 
SECTOR 
register 
and will not issue step 
pulses. 


BIT 6 = 0 IMPLIED 
SEEK 
ENABLE. 
The UDC will 
update 
the 
CURRENT 
CYLINDER, 


CURRENT 
HEAD 
and 
CURRENT 
SECTOR register and will issue step pulses 
if required. 


BIT 4 = 1 DELETED 
DATA MARK. Data will be writ- 


ten with a Deleted 
Data Mark (F8 hex) in 
the 10 field. 


BIT 4 = 0 NORMAL 
DATA MARK. Data will be writ- 


ten with a Normal 
Data Mark (FB hex) in 
the 10 field. 


BIT 3 = 1 REDUCE 
WRITE 
CURRENT. 
Setting this 
bit will cause 
the UDC's 
Reduced 
Write 


Current output to go high. 


BIT 3 = 0 NORMAL 
WRITE 
CURRENT. 
Resetting 
this bit will cause the UDC's Reduced Write 
Current output to go low. 


BIT2 
BIT1 
BITO 
Precompensation 
(For Floppy Disks) 


a 
1 
a 
None, enable EARLY and LATE 
Outputs 


1 
a 
1 
600 nsec, Minifloppy only 


a 
1 
1 
500 nsec, Minifloppy only 


1 
1 
1 
400 nsec, Minifloppy only 


1 
1 
a 
300 nsec 


1 
a 
a 
200 nsec 
a 
a 
1 
100 nsec 
a 
a 
a 
None, suppress EARLY and LATE 
Outputs 


NOTE: for hard disks, precompensation 
is handled with an 


external delay line, which is connected 
to the EARLY and 


LATE Outputs 
of the UDC. These lines toggle in response 


to the data pattern being written to the disk. 


WRITE 
SECTORS 
PHYSICAL 
(Hex Values 80 thru 9F, 
COthru OF) 


This command 
will cause the UDC to write physically 
con- 


secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 
DESIRED 
SECTOR 
DESIRED 
CYLINDER 


DESIRED 
HEAD 
SECTOR 
COUNT 


DMA 7-0 
DMA 15-8 


DMA 23-16 
MODE 


RETRY COUNT 
REGISTER 
A (for IBM® 


PC-AT Mode) 
Since retries during a write command 
are not valid, the high 


order nybble of the RETRY register should be set to 0, in 
1's complement 
format (1111). 
Before writing data to the selected 
disk drive, the UDC will 


read the current 10 field, step to the desired cylinder (if ena- 
bled in command) 
and verify that it has located the correct 


cylinder 
and sector. 
(These 
steps were described 
previ- 


ously under "UDC Command 
Overview"). 


After the "Verify" 
sequence 
is done, the "data 
transfer" 


sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted 
Data Mark (F8 hex) on the disk, as 


selected 
by the user (see below). Then the UDC will trans- 
fer a sector's 
worth of data (using DMA) from the memory 


area specified 
by the DMA registers. 
After writing out the 


sector, CRC or ECC bytes will be written as specified by the 
MODE register. Next, the SECTOR 
COUNT register is dec- 


remented, 
and if not yet equal to 0, the operation 
continues 


for the next physical sector. 
This command 
allows the user to specify several options. 
These options 
are specified 
by bits in the command 
word 


and are as follows: 


BIT 6 = 1 IMPLIED SEEK DISABLED. The UDC will 
not update 
the CURRENT 
CYLINDER, 


CURRENT 
HEAD 
or 
CURRENT 
SECTOR 
register and will not issue step 
pulses. 


BIT 1 = 0 IMPLIED SEEK ENABLED. The UDCwili 
update 
the 
CURRENT 
CYLINDER, 


CURRENT 
HEAD 
and 
CURRENT 
SECTOR 
register 
and will 
issue 
step 
pulses if required. 


BIT 5 = 
ALWAYS O. 


BIT 4 = 1 DELETED 
DATA MARK. 
Data will be 
written with a Deleted Data Mark (F8 hex) 
in the ID field. 


BIT 4 = 0 NORMAL 
DATA MARK. Data will be writ- 
ten with a Normal Data Mark (FB hex) in 
the ID field. 


BIT 3 = 1 REDUCED 
WRITE 
CURRENT. 
Setting 


this bit will cause 
the UDC's 
Reduced 


Write Current output to go high. 


BIT 3 = 0 NORMAL 
WRITE 
CURRENT. 
Resetting 


this bit will cause 
the UDC's 
Reduced 


Write Current output to go low. 


Bits 2, 1, and 0 are used to select the Write Precom- 
pensation 
value to be used during 
writes 
to floppy 


disks. The table below specifies 
these values. 


BIT2 
BIT1 
BITO 
Precompensation 
(For Floppy Disks) 


a 
1 
a 
None, enable EARLY and LATE 
Outputs 
1 
a 
1 
600 nsec, Minifloppy only 


a 
1 
1 
500 nsec, Minifloppy only 
1 
1 
1 
400 nsec, Minifloppy only 


1 
1 
a 
300 nsec 


1 
a 
a 
200 nsec 
a 
a 
1 
100nsec 
a 
a 
a 
None, suppress EARLY and LATE 
Outputs 


NOTE: for hard disks, precompensation 
is handled with an 


external delay line, which is connected 
to the EARLY and 


LATE Outputs of the UDC. These lines toggle in response 
to the data pattern being written to the disk. 


TAPE BACK-UP 
(Hex Values = 08 to OF) 


The TAPE BACK-UP command set provides the system with 
the capability 
of transferring 
data to and from a tape drive 


in continuous 
blocks. TAPE 
BACK-UP 
utilizes the UDC's 


DMA, data conversion, 
error detection/correction 
and sec- 


tor count circuitry. 


Because 
of the mechanical 
and electronic 
differences 


between tape drives and disk drives, some of the register 
bits described 
earlier 
in this data sheet change 
functions 


when 
the 
UDC is executing 
the TAPE 
BACKUP 
COM- 
MAND. In many cases, the CLK input to the UDC will also 
need to be changed to compensate 
for the slower data rate 


from tape drives. 
I 
TAPE BACKUP 
REGISTER 
DESCRIPTION 
The following 
bits in the UDC's 
register 
file assume 
the 


functions 
listed below when executing the BACK-UP 
com- 


mand and should be programmed 
accordingly. 
The following 
tables 
describe 
the differences 
in register 


usage 
when 
the UDC 
is executing 
the TAPE 
BACKUP 


command. 
(Complete TAPE BACKUP register bit maps are 


located in rear of the data sheet.) 


MODE REGISTER 
Bit2 = 1 16 byte sync detect delay enable 


= a 16 byte sync detect delay disabled 
Bit1 = 1 TAPE BACKUP Write Enable (writing) 
= a TAPE BACKUP Write Disable (reading) 


Bit a = 1 Tape mark enable (short block) 
= a Tape mark disable (long block) 


RETRY COUNT REGISTER 
Bits 7-4 Retry should be disabled, by setting these bits to 


"1". (Retry Disabled) 


Bits 3-0 program outputs (user controlled) Bit 3 is typically 


used for write enable to the tape drive. 
Bits a and 1 are typically used for tape driven 
motion 
control 
as per drive manufacturer's 
specification. 


DESIRED CYLINDER 


Bits 7-4ECC Type Field: 
DB7 
DB6 
DB5 
DB4 
ECC TYPE 


o 
0 
0 
0 
4 ECC bytes generated/ 


checked 
5 ECC bytes generated/ 


checked 
o 
6 ECC bytes generated/ 


checked 
o 
7 ECC bytes generated/ 


checked 


note: 5, 6, 7 byte ECCs are generated and checked by 
hardware external to the UDC. 


DESIRED CYLINDER 
Bit 3 
Always 1 


Bits 2-0 
Data Block Size: 


DB2 
DB1 
DBO 


000 
001 
010 
o 
1 
1 
1 
0 
0 
1 
0 
1 
1 
1 
0 
1 
1 
1 


DATABLOCK SIZE 


128 bytes 
256 by1es 
512 by1es 
1024 bytes 
2048 bytes 
4096 bytes 
8192 bytes 
16,384 bytes 


Remember that the UDC internal ECC code can correct up 
to a 4K byte long Data Block, but that the larger the Data 
Block the greater the probability 
of a miscorrection. 


Also, when executing 
the TAPE BACKUP 
command, 
the 
DRIVE SELECT 
command 
is altered slightly, as illustrated 
below: 


Read and Write functions 
of TAPE BACKUP share a com- 


mon command 
byte. The three LSB's of the MODE register' 


are also used by the TAPE BACKUP 
command 
to specify 


user options, and to select between tape read or tape write 
mode. 
Two kinds of blocks may be specified when reading or writ- 
ing dependent 
on the state of the TAPE MARK ENABLE bit 


in the MODE register: 
1. DATA BLOCK. 
The length of the data block (also 
called a long block) is equal to: 
2n* 128 bytes where n is an integer 
between 
0 and 7 inclusive. 
The 


desired length of the data block (2n) 
is programmed 
into the desired cyl- 


inder register. 


2. TAPE MARK. 
The minimum 
length 
of the tape 


mark (also called a short block) is 3 
bytes. The maximum 
length of the 


tape mark is 257 bytes. The desired 
length is programmed 
into the sec- 


tor count register. 
MUltiple 
data block transfers 
are accomplished 
by pro- 


gramming the 1's complement 
of the desired number of data 


blocks to be transferred 
into the sector count register. 


The three LSB's of the MODE 
register function 
as part of 


the BACK-UP 
command 
word. The WRITE 
ENABLE 
bit 


determines 
whether 
loading the BACK-UP 
command 
into 


the UDC will initiate 
execution 
of a B~CK-UP 
READ 
or 


BACK-UP 
WRITE 
sequence. 
The TAPE MARK 
ENABLE 


bit determines 
whether 
the UDC will write a short or long 


block of data on the tape and the DELAY ENABLE bit deter- 
mines whether or not the RDGATE signal is stretched when 
it coincides 
with a sync mark when reading the tape. The 


remaining 
bits in the command 
word are as follows: 


DRIVE SELECT COMMAND 
COMMAND 
DB7 DB6 DB5 DB4 
DB3 DB2 
DB1 
DBO 


Bit# 
7 
6 
5 
4 
3 
2 
0 
BACK-UP 
0 
0 
0 
0 
1 
0 
0 
xfer 


Drive 
0 
0 
1 
Ramp Up/Down 
1 
ClK 
0 
(READING) 
enable 


Select 
delay enable 
divisor 
BACK-UP 
0 
0 
0 
0 
precomp value 
(WRITING) 


DB2 
o 
1 


CLOCK DIVISOR FOR TAPE 
ClK is divided by 10 (similar to 8" fl0p'pydiVisor). 
ClK is divided by 20 (similar to 5.25' floppy divisor). 


These bits, in conjunction 
with Bits 4 and 7 of the MODE 
register, will allow selection 
of both FM and MFM recording 
on tape, with a tape format that resembles 
IBM compatible 
floppy disk formats. 
Setting the Drive Type bits to 1,0 or 1,1 will also cause the 
UDC to take on the following 
cnaracteristics: 


-DMA 
mechanism 
transfers 
a byte 
(8 bits) 
and relin- 
quishes the bus. 
-The 
RDGATE 
and WRGATE 
output signals have timing 


characteristics 
as shown in Figures 
12A and 12B of the 
UDCspec. 


-The 
gap lengths are as illustrated 
in Table 1 or the UDC 
spec. 


-Tape format parameters 
will be as per Table 1 of the UDC 
spec. 


COMMAND 
EXECUTION 
OVERVIEW 
The tape backup 
command 
allows the user a convenient 
method of backing 
up either floppy or hard disks to tape. 


The UDC may be interfaced 
to either cartridge 
or cassette 


type tape drives, working 
in either streaming 
or start/stop 
mode. 


BACK-UP 
READ 
When reading a short block, only CRC is checked. 
When 


reading a long block, CRC or ECC will be checked, depend- 
ing on the CRC/ECC 
bits in the Mode register. 


Bit 0 = 1 Data transfer enabled, 
error checking 
enabled 
= 0 Data transfer disabled, 
error checking 
enabled 


BACK-UP 
WRITE 
When writing, the precompensation 
value is derived from 


the CLK frequency 
as follows: 


Bit 2 
Bit 1 
Bit 0 
Precompensation 
o 
1 
0 
None, enable EARLY and lATE 


1 
0 
1 
6 ClK cycle periods 


o 
1 
1 
5 ClK cycle periods 


1 
1 
1 
4 ClK cycle periods 
1 
1 
0 
3 ClK cycle periods 
1 
0 
0 
2 ClK cycle periods 


o 
0 
1 
1 ClK cycle period 
o 
0 
0 
None, suppress EARLY and lATE 


PRECOMPENSATION SELECT FOR BACK-UP COMMAND 


TAPE BACKUP 
SYSTEM 
CONFIGURATION 
NOTES 


(A schematic 
showing 
a typical 
system 
implementation 


using the TAPE 
BACKUP 
feature 
is contained 
in Sche- 


matic Diagram 2.) 
654 


1. Proper 
operation 
of the TAPE 
BACKUP 
command 
requires that the tape drive be addressed 
as DRIVE #3 


by the UDC. 
2. During the UDC's OUTPUT 
2 period external circuitry 
must enable a separate latch to receive the user defined 
10 bits and tape track number 
bits. This latch should 
use the DRIVE 
SELECT 
3 signal 
(output 
during 
the 
OUTPUT 
2 period) so that the contents of the latch may 
only be changed 
when the tape drive is selected. 


Four additional 
drive control signals may be loaded into 
the four lSB's 
of the RETRY COUNT 
register. These 
additional 
outputs 
are latched externally 
during OUT- 
PUT 1 times for use by the tape drive. These outputs 
would normally be used to control tape drive Write Ena- 
ble logic (bit 3) and tape motion (bits 0 and 1), and tape 
motor on and off (bit 2). 
3. It is important 
to consider 
the time required for a tape 
drive to come 
up to operating 
speed when using the 
TAPE 
BACKUP 
command. 
Also, to insure 
adequate 
spacing 
between 
tape blocks, 
a delay 
is frequently 
required before stopping 
tape motion. The UDC has a 
programmable 
Ramp Up and Ramp Down timer to allow 
for easier 
implementation. 
The desired 
delay is pro- 
grammed 
into the DATA/DELAY 
register before issuing 
the DRIVE SELECT 
"3" command. 


DENSITY 
BIT 
CLOCK 
MODE 
DIVISOR 
REGISTER 
TIME IN SECONDS 
PER 
BIT 
BIT4 
DELAY REGISTER 
COUNT 


1 
1 (Single) 
1 ClK 
Cycle' 
80000 
1 
o (Double) 
1 ClK 
Cycle' 
40000 
0 
1 ~Single) 
1 ClK 
Cycle' 
40000 
0 
o Double) 
1 ClK 
Cycle' 
20000 


The UDC will issue a normal 
interrupt 
(with the com- 
mand termination 
code set to 0-0) when the RAMP UP 
or RAMP DOWN timer has expired. 


4. BACK-UP 
WRITE. 
The user will first request the UDC 
to perform 
a disk READ 
TRACK 
command, 
with the 
TRANSFER 
ENABLE 
bit in the command 
word reset. 


This will cause 
the UDC to transfer 
only the ID field 
information 
to memory. 
The TAPE 
BACKUP 
command 
will then 
be issued 


causing the UDC to write this ID information 
to the tape 
as a tape mark (typically 
96 bytes for a drive formatted 
with a 3 byte/sector 
ID field or 128 bytes for a drive for- 
matted with a four byte/sector 
ID field. The data fields 
should 
then 
be transferred 
to the tape 
in a similar 
manner. 
The UDC may be used with either "Streaming" 
or "Start/ 


Stop" type tape drives. This is illustrated 
by the follow- 
ing examples: 


A. START/STOP 
TAPE DRIVE: 


typically 
transfers 
'12 or 1 disk track at a time as illus- 
trated by the following 
flow chart: 


When controlling 
a start/stop 
tape drive, the UDC will 


write the data "block by block". The system will issue 
a Drive Select command 
to the UDC with the Tape 
Motion, 
Motor On and Write Enable bits set to start 


and write data to the tape. 
Th'e UDC will interrupt 
the system after the comple- 


tion of the Ramp Up Delay indicating that the tape drive 
is up to speed. This interrupt 
is distinguished 
by the 
Command 
Termination 
Code of 0-0 (normal comple- 
tion of command). 
The System then outputs the Write command 
(for a 
long or short block) and waits for the command 
ter- 


mination 
interrupt. 
The UDC will write the Sync mark 


and tape mark or data block on the tape. 
When 
the System 
receives 
the interrupt 
indicating 
completion 
of the Write command, 
it will issue another 


drive select command 
with the Motor On and Write 
Enable bits set to stop the drive. The UDC will inter- 
rupt the system after completion 
of the Ramp Down 
Delay indicating 
that the tape has stopped moving. 


The'UDC 
will turn the Write Gate signal on when it is 
writing data and off when it is not, without 
regard to 
the tape motion. The Write Gate signal is used to gen- 
erate "gaps" on the tape between the data blocks. This 
is done by externally forcing the two Data outputs with 
the Write Gate signal such that the Data + signal is 
high and the Data 
- 
signal is low when the UDC is 
not writing data to the tape (Write Gate is off): 
-LVE 
STOPPED 
-LVE 
STOPPED 


~ 
GAP ITAPE MARK AND OR DATABLOCK I 
GAP I~ 
_ 


TAPE SPEED: 


STOPPED 
/ 
I 


\ 
STOPPED 


- 
RAMP DOWN DELAY 


L DRIVESEL 


1. tape motion off 
2. write enable off 


(write 
or read) 


RAMP UP DELAY 


DRIVE SEL JL BACKUP 
1. tape motIon on 
1. read or write 
2. write enable on 
2. long or short block 
(write) 
or off 


(read) 


B. STREAMING 
TAPE DRIVE: 


typically transfers 
1 sector at a time as illustrated 
by the following 
flow chart: 


Control of a streaming 
tape drive is similar to that of a 
start/stop 
drive. The tape is started at the beginning 
of tlie data transfer and stopped after the last block is 
written to the tape. The tape is not stopped in between 
blocks. The UDC will however turn the Write Gate sig- 
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nal on when it is writing data and off when it is not so 
that gaps will be written 
(with external 
hardware) 
on 


the tape between the data blocks. 


5. BACK-UP 
READ. The data is read from the tape (in 


either 
start/stop 
or streamer 
mode) 
and buffered 
in 
memory. 
The 
disk track 
is then 
reconstructed 
from 


the data. 
The start/stop 
drive typically has a track (or half a track) 
of disk data stored as a block. It is therefore 
expedient 


to read in the data "block by block". When reading data 
from a streamer drive use can be made of the SECTOR 
COUNT register and a track's worth of data blocks may 
be read from the tape before generating 
the track on 


the disk. 
Tape motion control 
is similar to that described 
above 


except that the Write Enable Bit is off to inhibit writing to 
the tape. The UDC reads the tape until it detects a sync 
mark. After detecting 
a sync mark the UDC will transfer 


the data found on the tape to memory. 


6. The search 
count 
is used when 
reading 
the tape. 
It 


specifies 
a maximum 
number 
of blocks of 128 bytes 


between 
adjacent 
data 
blocks. 
If the search 
count 


expires 
before 
sync 
is detected, 
the 
command 
is 


terminated. 
For example, 
if a search 
count of two is specified 
by 


loading the Desired 
Sector re!;)ister with FD (hex), the 


UDC will search for 256 byte times before terminating 
the command. 
This will prevent the UDC from acciden- 


tally skipping a block. The search count is typically about 
the size of one block length, In the following figure, TM1 
and TM2 are two tape marks and DB1, DB2, DB3 etc. 
are their associated 
Data Blocks: 


7. 16 BYTE DELAY. Provision is made to shift the RDGATE 


pulse in the event that it coincides 
with the data block 


sync mark. 
If a tape cannot 
be read (sync is never 


detected) the tape can be re-read with the 16 byte delay 
enabled. 


L miss sync mark detect 


8. The DRIVE STATUS bits may be used by the tape drive 


if they are enabled (on the dnve) by DRIVE SELECT 
3. 


The ready 
change 
interrupt 
is especially 
handy 
for 


detecting 
start of tape (SOT) and end of tape (EOT) as 


a UDC command can be terminated by a change in state 
of the READY input. 


9. The DATA FORMAT is as follows: 


The Tape Mark sync mark (TMSYNC) 
is composed 
of 


three bytes of A 1 (Hex) followed by one byte of FE (Hex). 
The Data Block sync mark (DBSYNC) 
is composed 
of 


three bytes of A 1 (Hex) followed by one byte of FB (Hex). 
A 1 (Hex) is encoded 
with the standard 
missing 
clock 


pattern. 


The sync mark is preceeded 
by a "preamble" 
consist- 


ing of bytes of 00 as per figure 2 of the UDC spec (this 
is required 
to synchronize 
the data separator 
when 


reading 
the tape). 
The Tape Mark 
and Data 
Block 


(including 
CRC or ECC bytes) are followed by a "post- 


amble" consisting 
of one byte of 00. 


Note that the postamble 
is not included 
in the Floppy 


Disk formats. The GAP sizes are dependent 
on the type 


of drive 
(start/stop 
or streamer) 
and 
the 
specific 


mechanical 
tape drive specifications. 


10. Use can be made of the Sector 
Count register 
when 


doing a "file" 
(versus 
a "mirror 
image") 
backup 
on a 


start/stop 
tape drive. Instead of transferring 
the entire 


disk track to the tape in one long block, the data is moved 
file by file. 


If, for example, 
it is desired to back up a file consisting 


of five 256 byte long Hard Disk sectors, a 2048 byte long 
Data Block would have to be used for an image backup 
(the Data Block size is specified 
as 2" * 128 restricting 


blocks to 128, 256, 512 etc.). This would result in a lot 
of wasted space on the tape. 


If file backup is used and the Sector Count is set to five, 
256 byte long Data Blocks can be used. Gaps will be 
generated 
on the 
tape 
corresponding 
to the time 


required to get the data from the disk drive (correspond- 
ing to DMA delays and the disk interleave factor). 


The tape will not be stopped until the entire file is trans- 
ferred. When using sector count, the UDC internal pro- 
gramming 
will create inter-block 
gaps of about 30 to 32 


bytes on the tape in both single (FM) and double (MFM) 
density modes. 


CRC/ECC 
CHECKING 
When CRC or ECC checking 
is initiated, the internal CRC/ 


ECC registers are set to either zero or one, as required by 
the CRC 
PRESET 
bit in the 
INTERRUPT/COMMAND 
TERMINATION 
REGISTER. 
Data 
read from the disk is 
simultaneously 
shifted 
thru the CRC/ECC 
registers, 
and 
transferred 
to external memory. 


After the CRC or ECC check bytes have been shifted thru 
the CRC/ECC 
registers, 
the remainder 
in these registers 
should be zero, else an error has occurred 
in the address 
or data block. 
If CRC or ECC (without 
correction) 
is enabled, 
automatic 


retry (if enabled) or command 
termination 
will occur. If inter- 
7. The UDC features a built-in DMA controller that requires 
nal ECC with automatic 
correction 
is enabled, 
the correc- 


connection 
to external 
counters. 
These 
counters 
are 
tion algorithm will be executed. If the internal ECC algorithm 


configured 
so that they are.lncremented 
after each byte 
is unable to correct the error (in one attempt), 
then auto- 
IS transferred. 
(The UDC's Internal DMA circuits transfer 
matic retry (if enabled) 
or command 
termination 
will occur. 
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A simplified 
UDC schematic 
is shown in Schematic 
1. The 


following notes may be helpful in implementation ofthe UDC. 
1. In systems using a private memory 
area, it is important 


to know when the buffer needs servicing 
from the host 
processor. 
A second 
interrupt 
signal (INT2) signals the 
processor that servicing 
is needed.INT2 
is generated 
by 


externall§ANDING 
the ECCTM signal with STB1 signal. 


(The ST 
1 signal is active when the UDC~utputing 


the DMA address 
data, and occurs when STB is active 


(low), SO is active (high) and S1 is inactive (low)). 
This "interrupt" 
occurs 
only when the UDC needs the 


system processor to either read from or write to the buffer 
memory. 
When 
reading 
from the disk, the system pro- 


cessor should empty the memory 
buffer each time this 


signal becomes 
active. (If an ECC error is detected, 
and 


error correction 
is enabled, 
this signal will not become 


active until the UDC has attempted 
to correct the error.) 


When writing data to the disk, the system processor must 
fill the buffer each time this signal becomes 
active. 


2. The DIP (DMA in Progress) 
signal is used to isolate the 


buffer memory from the main system memory. If 74LS244 
and 74LS245 
address 
buffers are used in the memory 


addressing 
circuits, 
then this signal should 
be used to 


enable or disable the address buffers, as required. This 
eliminates the possibility of memory contention problems. 


3. Write precompensation 
(for floppy 
disks) 
is handled 


internally 
by the UDC. For hard disks, 
the LATE and 


EARLY signals are connected 
to a multiplexer 
which, in 


turn is connected 
to a 24 ns delay line. The EARLY and 


LATE signals will toggle in response to the data pattern 
being written. This will allow the data being written to the 
shifted 
± 12 ns from the nominal 
12 ns delay specified 


by hard disk manufacturers. 


4. The interface to the hard disk drive data inputs and out- 
puts requires 
RS-422 data tranceivers. 
Other disk drive 


interface 
circuits 
(including 
floppy disk data inputs and 


outputs) 
may be 74LS series devices. 


5. Since the UDC uses its Aux Bus for multiple functions, 
the system designer 
must be able to determine 
which 


function 
is occuring 
on the Aux Bus at any given time. 
The SO and S1 signals, when combined 
with STB signal 


are decoded 
(using a 74LS138 or equivalent) 
to provide 


STBO-3 signals. 


These generated 
signals and their respective 
functions 


are: 


STBO 
STB1 
STB2 
STB3 


Drive Status Input Time Slot 
External DMA Address Counters Time Slot 
Output 1 Time Slot 
Output 2 Time Slot 


6. The clocks required by the UDC are not TTL-Ievel com- 


patible. 
Pullup resistors 
(typically 
390 ohms) should be 


used with Schottky drivers to insure that the clock signals 
reach the proper Input (high) level, with acceptable 
rise 


and fall times. 


the starting memory address for each read or write oper- 
ation.) 74LS161 Counters 
are typically used in this area. 


8. The DMACLK 
input should be tied to the master system 


clock, through 
a bus buffer. It is important 
to remember 


that three DMACLK 
periods are required for each DMA 


transfer. 


9. The system design may be simplified, and costs reduced, 


by using the FDC 9216B Floppy Disk Data Separator, to 
separate 
raw data from the floppy disk drive into RDATA 


and RCLK. 


ERROR CHECKING 
AND CORRECTION 
CIRCUIT (ECC) 


OPERATING 
PRINCIPLES 
The UDC will automatically 
detect and correct errors in the 


data read from the disk. Error checking 
may be done using 


industry standard 
CRC or ECC encoding. 
Error correction 
may be done using either internal or external 
ECC encod- 
ing. This section 
will explain 
ECC operation, 
as imple- 
mented on the UDC. 
The UDC contains 
two 16-bit registers 
used by the CRC/ 


ECC circuits. CRC logic uses only one of these registers, 
while the logic for ECC uses both registers, 
implementing 


a full 32-bit algorithm. 
These registers 
may be preset to either one or zero, using 
the CRC 
PRESET 
bit in the 
INTERRUPT/COMMAND 
TERMINATION 
register. 
(This allows 
compatibility 
with 


existing disk controllers and external ECC chips.) Both ECC 
and CRC are calculated 
beginnin~ 
with the sync mark of 


the address (CRC) or data (ECG) field. 


CRC/ECC 
GENERATION 
I 
The UDC uses the following 
industry standard polynomials 


in computing 
the CRC and ECC check bytes: 
- 
CRC: 
X'6 +X'2 +xs 
+1 
ECC: 
X32+X28 +X26 +X'9 +x17 
+x'o 
+x6 +x2 +' 


As the UDC writes data to the disk drive, it first passes this 
data thru the CRC (and, if enabled, ECC) registers. After all 
data has been written, 
the remaining 
two (CRC) 
or four 


(ECC) bytes remaining 
in these registers are written to the 


appropriate 
address or data field. 


ECC CORRECTION 
Error Correction 
consists of three distinct parts: 
1. The CRC/ECC 
registers are normalized by shifting zeros 


thru the register. This sets up a data block which is 42,987 
bits long, which 
corresponds 
to the "natural 
message 
length" of the generation 
polynomial. 
The actual number 
of zeros shifted through the registers depends on the dif- 
ference between the natural message 
length of the gen- 


erator polynomial 
and the actual length of the data block 


being checked. 
The longest data block that can be cor- 
rected (using the internal ECC algorithm) 
is 4K bytes. 


2. The data input to the CRC/ECC 
registers 
is then dis- 


abled 
and the DMA counters 
are re-initialized 
to the 


starting address for this data block. The contents 
of the 


CRC/ECC 
registers are then "ring-shifted" 
until 21 con- 


secutive 
zeros are detected. 
The remaining 
bits in the 


CRC/ECC 
registers compose the error syndrome. As the 


CRC/ECC 
registers are shifted, the UDC generates 
DS 


signals, causing the external 
DMA counters to be incre- 


mented. 
When the 21 consecutive 
zeros are detected, 
the DMA counters 
are pointing to the corrupt data. 
If the error syndrome 
is not found within the data block 


the error is judged to be uncorrectable 
and the correction 


algorithm 
is terminated. 
(The data block is the length of 


the data field in the sector and the 4 ECC bytes. A format 
with a sector size of 256 bytes would have a data block 
size of 260 bytes.) 


3. When the error syndrome 
is detected, 
the UDC will ena- 


ble its ECCTM output, read the next byte from memory, 
exclusive-or 
it with the first byte of the three byte error 


syndrome, 
disable the ECCTM output and write the cor- 


rected byte back to memory. The correction 
process 
is 


then repeated for the next two bytes in memory. 
When using internal ECC (with correction 
enabled), 
the 


ECCTM output is used by the external DMA counters to 
inhibit the counters 
from incrementing 
their addresses 


when correctincthe 
erroneous 
bytes. When using exter- 


nal ECC, the E 
CTM output goes active (low) when the 


UDC is requesting 
the ECC Check Bytes from the exter- 


nal ECC chip prior to writing them to the disk. 
After a correction is completed, the UDC will then attempt 
to read the next sector 
on the disk 
(if the SECTOR 


COUNT register is still greater than zero). Anytime 
ECC 
correction 
has been attempted, 
(even if unsuccessful), 


the CORRECTION 
ATTEMPTED 
bit in the CHIP STA- 


TUS register will be set. 


The maximum 
time required for one ECC Correction 
Cycle 
(using the internal 
algorithm) 
is about equal to the time it 


takes to read 1 sector. 


IMPLEMENTATION 
Implementing 
ECC Correction 
consists 
of three steps: 


1. Read with Auto-Correction 
disabled 
and Retry enabled. 


2. When a sector with a hard ECC error is found, 
enable 


Read 
for one 
sector 
(sector 
count 
= 1) with 
Auto- 


Correction 
enabled and correct the error. 
3. After 
the correction 
is completed, 
issue 
a new Read 


command 
with auto-correction 
disabled 
and retry dis- 


abled to transfer the balance of the data. 


MAXIMUM 
GUARANTEED 
RATINGS' 
Operating 
Temperature 
Range 
..............•.............................................................. 
0 to + 70 C 
Shortage 
Temperature 
Range 
................................................................•...... 
- 55 C to + 150 C 
Lead Temperature 
(soldering, 
10 sec.) 
+ 325 C 
Positive Voltage on any Pin, with respect to ground 
+ 8 V 
Negative Voltage on any Pin, with respect to ground 
- 0.3 V 


'Stresses 
above those listed may cause permanent 
damage to the device. This is a stress rating only and functional 


operation 
of the device at these or at any other condition 
above those indicated 
in the operational 
sections 
of this 
specification 
is not implied. 
NOTE: When powering this device from laboratory 
or system power supplies, 
it is important 
that the Absolute 
Maxi- 
mum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 
on their outputs when the AC power is switched 
off. In addition, voltage transients 
on the AC power line may appear 
on the DC output. If this possibility 
exists it is suggested 
that a clamp circuit be used. 


DC ELECTRICAL 
CHARACTERISTICS 
Ta =0 C to + 70 C, Vcc =5.0V ±5% 


PARAMETER 
MIN 
TYP 
MAX 
UNIT 


Input Voltage 
Low 
High 
High 


Output Voltage 


Low 
High 


Vi1 
Vih1 
Vih2 


V011 
Voh1 


V012 
Low 
0.4 
V 


Voh2 
High 
2.4 
V 


Input Leakage Current 


11 
10 
uA 


Input Capacitance 


Cin 
25 
pf 


Power Supply Current 
200 


Icc 
ma 


all inputs except ClK 
ClKinput 


all outputs except WDATA, 
Early and Late. (Drive 1 
TTL load into 50 pf) 
WDATA, EARLY and LATE 
outputs. (Will drive 1 
Schottky 
load into 15 pf.) 


I 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


PROCESSOR 
WRITE 
CYCLE 


C/Q, R/~, 
CS Setup time to DSl 
TosB 
110 
ns 
FIGURE3 


C/D, R/W, CS Hold time to DSj 
TosB 
0 
ns 


DS Pulse Width 
TosL 
150 
ns 


DS Pulse Hi~h Time 
TosH 
850 
ns 


Data Bus In 
etup time to DSj 
TOIB 
100 
ns 


Data Bus In Hold time to DSj 
TOIA 
0 
ns 


PROCESSOR 
READ CYCLE 


Data Access time from DSl 
TooB 
75 
ns 
FIGURE3 


Data Hold time from DSj 
TooA 
10 
ns 


UDC TO MEMORY 
TIMING 


(BUS MASTER) 


(based on 10 Mhz DMACLK 
Input) 
Write Setup time to DS~ 
TWB 
110 
ns 
FIGURE4 


Write Data Strobe Widt 
Twos 
180 
ns 


Write Hold time from DSj 
TWA 
110 
ns 


Data Strobe Falling Edge 
TosF 
15 
ns 


Data Strobe Rising EdgL 
TosR 
20 
ns 


Write Data Valid before DS~ 
TwoB 
90 
ns 


Write Data Hold time after 
Sj 
TwoA 
10 
ns 


Memory Access Time 
Tw 
200 
ns 


Read Hclld'time after iJStv 
T~: 
110 
ns 


Read Data Strobe Pulse 
idth 
TROS 
180 
ns 
Read Data Setup time to D~ 
TROB 
50 
ns 


Read Data Hold time from 0 
j 
TROA 
0 
ns 


DMACLKf 
to OS 1 
TODD 
100 
ns 


DMACLK 
to DSj 
TODA 
100 
ns 


SO..d1, AND STB TIMING 


STBWidth 
Tsw 
800 
ns 
FIGURE7 
SO, S1 Hold time after STBj 
Tso 
100 
ns 


Data In Setup time tosm 
To1s 
700 
ns 


Data In Hold time after ST 
j 
T01H 
0 
ns 


SO, S1 Setup time to STB~ 
TSST1 
100 
ns 


Aux Bus Setup time to S~ 
TSST2 
100 
ns 


Aux Bus Hold time after ST 
j 
TSST3 
100 
ns 


INPUT CLOCK TIMING 
(10 MHz Input) 
Clock Rise Time 
TRT 
10 
ns 
FIGURE2 
Clock Fall Time 
TRF 
10 
ns 


Clock Cycle High Time 
TCH 
40 
ns 
Clock Cycle Low Time 
TCL 
40 
ns 
Clock Cycle Time 
Tcyc 
95 
100 
105 
ns 


PRECOMPENSATION 
TIMING 


Early, Late Setup time 


(Before WDATAj) 
TpB 
0 
ns 
FIGURE9 
Early, Late Hold Time 


(after WDATA1) 
TpB 
50 
ns 


FLOPPY 
INPUT DATA TIMING 


Window Setup time to RDCLK 
TFRB 
50 
ns 
FIGURE 
10 
Window 
Hold time from RDDATA j 
TFRA 
50 
ns 


HARD DISK INPUT DATA TIMING 


Data Setup time to RDCLKl 
THRB 
60 
ns 
FIGURE 
10 
Data Hold time after RDCLKl 
THRA 
10 
ns 
Clock Setup time to RDCLK{ 
THCB 
60 
ns 


Clock Hold time from RCLK 
THCA 
10 
ns 


ECCTIM TIMING 


ECCTM Setup to D~ 
TEOS 
50 
FIGURE 
10 
ECCTM Hold after 0 
j 
TEOH 
100 
ns 


RESET TIMING 
f.ls 


RST Pulse Width 


'REQUIRED 
FOR STANDARD 
UDC HARD 
DISK 
INTERFACE 


OUTPUT 
1 


D 


• 
Q 
•• 
• 
LS374 


/\ 


OUTPUT 
2 


D 
DRSEL3 
Q 


} 
TAPE MOTION 
CTL 


WRITE 
ENABLE 


TRACK 
# I 


----<[>0 


74504 


or 


equivalent 


~.., 


~ 
3900 


TO ClK INPUT 


orDMACK 


INPUT 


I· 
T"=a_ 


Twe 
TOSF 


Twos 
TRos 


DMACLK 


DMAR 


ACK 
----? 
II,, 
I 
/ 


DIP 
I 
I 
I 
I 
171l7T' 
BYTE 
I 
l! 
READY 
\ 
" 
I \ 


TRISTATE I 


RIW 


\ 
\ 
\ 


TODD 
\ 
\ 


55 
TRISTATE 


DB 7·0 
( 


, 
I 
~ 
, 
I 
, 
, 
I 
I 
" , 


\ 
, 


l' 
, 
)L 


\ 
, 
I 
, 
I 
\ 
I 
\ 
I 
, 
\ 


I, 


I 
I 
BYTE 
I 


\, 
\ 
TRISTATE 
,, 
I 


I 
\ 


TRISTATE 


\, 


DATA OUT >c ---e- 


r-- MAX BYTE RATE 1.6~s --j 
I 
, 
) 


I 
mm 
I 
U 
\ 
, 
\A 
I, 
It-\ 
, 
I 
I 
I 
I 
) 
1 


TRISTATE 
Y 


\....-....\ 
TRISTATE 


\ 
\ 
, 
\ 


\ 
I 
0 
I 
I 
}-- 
DATA OUT 1 
I 
( 
t >- 
DATA IN 


UDC DMA TIMING FOR 
FLOPPY DISK (1 BYTE AT A TIME) 


---n-J\ 


" 
TRISTATE 
\~ 


\ 
'Y 


~---------,~------------~ 
I 
I 


~, 
~ 


•... 
\ 
.•...... 
\ 
I 
I 
I 
I 
I, 
J, 
-------------~~ 
-------------«~------+--~ 
~--------- 


DIP 


DB7·0 
(OUT) 


.- 
MISSING CLOCK 
o 
'0 
0 
1 
1 


, ADDRESS MARK 
-1--------- 
DATA "FE" 


FIGURE 
8: UDC DATA WRITE TIMING 


DRIVE TYPE 
T(typ) 
TWR (typ) 


HARD DISK 
200 NS 
100NS 


8" MFM FLOPPY 
2IJ.s 
300 NS 
8"FM FLOPPY 
- 
300NS 


5'1," MFM FLOPPY 
4IJ.s 
300NS 


5'1." FM FLOPPY 
- 
300NS 


o 
ECCTM 


~------Al, 
0ACOMPARE------~IL SYNCBYTE 


L-FLUX 


REVERSAL 


FLOPPY 
INPUT DATA TIMING 


(HARD 
DISK BIT = 0) 


HARD 
DISK INPUT DATA TIMING 


(HARD 
DISK BIT = 1) 


INDEX-ll 
~I-'---------- 
REPEATEDN TIMES----------~ 


I~~~I 
~~I~~~;I 
~~I~rKI ~I~I~Igig I?~~~I~~~P;I 
128dat'''''$ 


INDEX AM 
10 AM 
L DATA AM 


rL 
I 
L 
IC 
GAP 3 I GAP 4 
rRC1 
AC2 
27.FF 
2471lFFNOMINAL 


INDE:Jl 
::~~~~~~~~~~~~~~~~~~~~~~~~=_R_E_P_E_A_T_E_D_N_T_IM_E_S_-_-_-_-_-:_-_-_-_-_-_-_-_-_-_-_-:_-_-_-_-_-_-_-_~_ 
••• 
fl 


I~~:.~I~i~I,XC2H ~:.~ I~i,~I"" IFEIr++E++AC,1 
CAC21~::'ll~i~I,,·, I ra I 256datab~es 
ICA+AC~~:'JI 
~r.4~1 
L INDEX AM 
LID AM 
L DATA AM 


~ECCTM -1r- 2b~es 


FX n 
•.• 
-------------REPEATED 
NTIMES------ 
-' 
rL 


IND~ 
1 
--'. 


I 


~~ECCTM --1 r-2 bytes 


I 


FOR 
.••••• 
FLOPPV~ 
J 
ONLY 
I 


100 ISYNCIIN~X] Gl 


I 
I 


...Jl~ 
f"L 


IGOI'SVNCI'N~XIG'ISVNCll~G'1 
SVNCI OATAIG3ISVNCI''''''~$YNcl OATAIG3ISVNCI '0 I G'I 
SVNCI OATAIG31SVNCl'o IG'I 
SVNCI DATAlG31 
G4 
I 


: 
AOG3 ~ 
l.--L 16'eyt8S 
--Ifl 
i r:u::-S.""-' 
-, 
II 
I 


AM FOUND 
H 
~ ~ 
* 
AM NOT FOUND 
~ 
AM FOUND 
~ 
AM FOUND 


______ 
W_R_G'_I ••••• 1 
WDG3] I 
:----L-- 


TYPICAL 
FORMAT 
PARAMETERS 


PARAMETER 
HARD 
DISK'" 
SINGLE 
DEN. 
FLOPPY 
DOUBLE 
DEN. 
FLOPPY 


GAP0' 
16 
40 
80 


GAP1 
' 
16 
26 
50 


GAP2' 
3 
11 
22 


GAP3 
' 
18" 
27" 
54" 


SYNC SIZE' 
13 
6 
12 


SECTOR 
COUNT' 
user selectable 
user selectable 
user selectable 


SECT. SIZE MULT' 
user selectable 
user selectable 
user selectable 


RDG1 
16 
73 
NA 


RDG2 
6 
13 
24 


RDG3 
25 
27 
24 


WDG2 
5 
11 
23 


WDG3 
3 
11 
3 


• = PARAMETER 
USED 
BY FORMAT 
COMMAND 


" = CHANGES 
FOR DIFFERENT 
SECTOR 
SIZES 


". = 512 BYTES/SECTOR 


IBM® PC-AT HARD DISK FORMAT 
REGISTER BIT DEFINITIONS 


432 


LOW 
ORDER 
BYTE 
OF DMA 
BUFFER 
MEMORY 
STARTING 
ADDRESS 


o 


(LSB) 


MIDDLE 
ORDER 
BYTE 
OF DMA 
BUFFER 
MEMORY 
STARTING 
ADDRESS 


HIGH 
ORDER 
BYTE 
OF DMA 
BUFFER 
MEMORY 
STARTING 
ADDRESS 


SECTOR 
COUNT 
SB) 
(WRITE 
REGISTER 
6) L-_(M_S_B_) 
N_U_M_B_E_R_O_F_S_E_C_T_O_R_S_T_O_B_E_O_P_E_R_A_T_ED_O_N_B_Y_C_O_M_M_A_N_D 
(L__ 
-' 


INTERRUPTI 


COMMAND 
TERM. 
(REGISTER 
9) 


INTERRUPT 


STATUS 
(COMMAND 
READ) 


7 


(MSB) 


4 
3 


LOW 
ORDER 
BYTE 
OF 
DMA 
BUFFER 
MEMORY 
STARTING 
ADDRESS 


o 


(LSB) 


HIGH 
ORDER 
BYTE 
OF 
DMA 
BUFFER 
MEMORY 
STARTING 
ADDRESS 


DESIRED 
SECTOR 
I 
IWRITE 
REGISTER 
3) 
__ 
(_M_S_B_) 
D_E_SI_R_E_D_S_E_C_TO_R_N_U_M_B_E_R 
I_LS_B_)_ 


SECTOR 
COUNT 


(WRITE 
REGISTER 
6) l-_IM_S_B_) 
N_U_M_B_E_R_O_F_S_E_C_T_O_R_S_T_O_B_E_O_P_E_R_A_T_ED_O_N_B_Y_C_O_M_M_A_N_D 
IL_S_B_)-----J 


INTERRUPT 


COMMAND 
TERM. 
(REGISTER 
9) 


CURRENT 
CYLINDER 


IREAD 
REGISTER 
5) 
l-_(M_S_B_) 
L_O_W_O_RD_E_R_B_IT_S_O_F_C_U_R_R_E_N_T_C_Y_L1_N_D_E_R_N_U_M_B_E_R 
IL_S_B)_--' 


CURRENT 
IDENT 
I 
ALWAYS 
FE 


(READ 
REGISTER 
6) 
_ 


INTERRUPT 


STATUS 


(COMMAND 
READ) 


REGISTER 
DB7 


DMA 7-0 
(MSB) 
(REGISTER 
0) 


DMA 15-8 
(MSB) 
(REGISTER 
1) 


DMA 23-16 
(MSB) 
(REGISTER 
2) 


DESIRED 
SECTOR 
(MSB) 
(REGISTER 
3) 


DESIRED 
HEAD 
0 
(REGISTER 
4) 


DESIRED 
CYLINDER 
(REGISTER 
5) 


SECTOR 
COUNT 
(REGISTER 
6) 


RETRY COUNT 
(REGISTER 
7) 


MODE 
(REGISTER 
8) 


INTERRUPTI 
COMMAND 
TERMINATOR 
(REGISTER 
9) 


~ 


RK#~BIT 1 


-------------------------- 
, 
----~ 


TAPE MARK BLOCK SIZE 
(IN 2'S COMPLEMENT 
+ 1) 
(MODULO 
256) (2) 


DATA BLOCK COUNT 
(IN 1'S COMPLEMENT) 
(3) 


NOTES: (1) 
The maximum 
search count is composed 
of: 


130 byte inner loop (RDGATE 
high 128, 2 byte times) 


times the number. programmed 
(maximum 
of 33,150 
byte times 
(2) 
Tape mark operation 


(3) 
Data block operation 
I 


REGISTER 


DMA 
7-0 


(REGISTER 
0) 


DESIRED 
SECTOR 


(REGISTER 
3) 


CURRENT 


HEAD 


(REGISTER 
4) 


CURRENT 
CYLINDER 


(REGISTER 
5) 


CHIP 


STATUS 


(REGISTER 
6) 


DRIVE 
STATUS 


(REGISTER 
7) 


INTERRUPT 


STATUS 


(REGISTER 
9) 


UDC 
READ 
REGISTERS 
(APPLIES 
TAPE 
BACKUP 
ONLY) 


DB6 
DBS 
DB4 
DB3 


PRESENT 
DRIVE 


SELECTED 


COMMAND 
TERMINATION 
CODE 
(3) 


NOTES l~l 


(3) 


Active 
level can generate 
interrupt. 


Active 
Level 
will not cause 
interrupt. 


Command 
termination 
bits set to: 


11 for data 
transfer 
error 
10 for sync error 
00 for successful termination 


X 
Don't care 


1 ~ Buffered I 


Seek 


o ~ Normal 
Seek 


, ~ Buffered I 


Seek 
0= 
Normal 
Seek 


I' ~~~=~red I 
o ~ Normal 
Seek 


Enable 
Transfer 


11 ~ Transfer Alii 
o ~ Transfer ID 


, - 
Implied 
Seek 
0 
1 
0 
1 
1 
1 
Disabled 
Enable 
o ~ Implied 
Transfer 
Seek 
Enabled 


1 ~ Implied 
Seek 
Write 


I 


Write With 


1 
Disabled 
0 
Deleted 
Reduced 
PRECOMPENSATION 


0= Implied 
Data 
Current 


I 


VALUE 


Seek 
Enabled 


1-lmplied 


Seek 
Write 
Write With 


1 
Disabled 
1 
Deleted 
Reduced 
PRECOMPENSATION 
0= Implied 
Data 
Current 
VALUE 


Seek 
Enabled 


I 


ID FIELD 
CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 


DB? DB6 DB5 DB4 DB3 DB2 DB1 DBa 
track number 
side number 
sector number 
X 
X 
X 
X 
X 
sectorsize(3bits) 


HARD DISK FORMAT: 
IBM PC-AT FORMAT 
(512 BYTES) 


ID FIELD 
IDENT 
CYLINDER 
HEAD 


DB? DB6 DB5 DB4 DB3 DB2 DB1 DBa 
Ident Byte 
cylinder number (8 LSB's) 
a 
sctr 
sctr trk# 
hd# 
hd# 
hd# 
hd# 
bit 1 bit a bit 8 bit 3 bit 2 bit 1 bit a 


HARD 
DISK FORMAT: 
(USER 
SELECTABLE 
SECTOR 
SIZE) 


ID FIELD 
IDENT 
CYLINDER 
HEAD 


SECTOR 
SECTOR SIZE 


DB? DB6 DB5 DB4 DB3 DB2 DB1 DBa 
Ident Byte 
cylinder number (8 LSB's) 
bad 
cyl# cyl# cyl# 
hd# 
hd# 
hd# 
hd# 
sectorbit10 bit 9 bit 8 bit 3 bit 2 bit 1 bit a 
flag 
sector number 
ECC type 
X 
sector size 
(3 bits) 


DISK FORMATS 


TABLE 6 


DB2 
DB1 
DBO 
IBM FD FORMAT 
HD FORMAT 


0 
0 
0 
128 bytes/sector 
128 bytes/sector 
0 
0 
1 
256 bytes/sector 
256 bytes/sector 
0 
1 
0 
512 bytes/sector 
512 bytes/sector 
0 
1 
1 
1024 bytes/sector 
1024 bytes/sector 
1 
0 
0 
not used 
2048 bytes/sector 
1 
0 
1 
not used 
4096 bytes/sector 
1 
1 
0 
not used 
8192 bytes/sector 
1 
1 
1 
not used 
16,384 bytes/sector 


FORMAT 
ECC TYPE 
FIELD 


DB? 
DB6 
DB5 
DB4 
HD FORMAT 
o 
0 
0 
0 
4 ECC bytes generated/checked 
1 
1 
1 
1 
5 ECC bytes generated/checked (1) 
1 
1 
1 
0 
6 ECC bytes generated/checked (1) 
1 
1 
0 
1 
? ECC bytes generated/checked (1) 
note1: WITH EXTERNAL ECC 


10 FIELD 
IDENT 
CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 


DB? DB6 DB5 DB4 DB3 DB2 DB1 DBO 
Ident Byte 
track number 
side number 
sector number 
X 
X 
X 
X 
X 
sector 
size (3 bits) 
I 


DISK FORMATS 


TABLE 6 


mr 
D!'RD MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


POR A~I 
••••••• 
<lPplications:consequently complete information sufficient for construction purposes is not necessarily given. 
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The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 
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does not convey to the purchaser 
of the 
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"••",."",. ,...·'.·m· •••• semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design ana supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION¢; 


Enhanced Small Device 
Interface Controller 


FEATURES 
o Controls 
ESDI serial 
mode disks 


o Controls 
up to seven disk drives 
o Programmable 
soft and hard sector 
formats 
o 18-MHz data transfer 
rate 


o Multi-sector, 
-track, 
and -cylinder 
transfer 


capability 


o Implied 
seek and parallel 
seek capability 
o High Level Commands, 
Including: 
Check 
Read Diagnostic 


Chip 
Reset 
Read ID 


Clear Command 
End Bit 
Recalibrate 


Clear 
Data FIFO 
Scan 


Detect 
Error 
Send 


Format 
Sector 
Send 
Extended 


Format 
Track 
Sense 
Seek Status 


Get Internal 
Information 
Sense 
Unit Status 


Group 
Assign 
Specify1 


Logical 
Seek 
Specify2 


Mask SRQ Interrupt 
Verify 
Data 


Physical 
Seek 
Verify 
ID 


Read Data 
Write 
Data 


o CRC error detection 
o ECC error detection 
and correction 
o Single +5 volt supply 
o 40-Pin 
Dual-in-line 
Package 
o COPLAMOS® 
n-Channel 
Silicon 
Gate Technology 


The MSD7262 is a highly-integrated, 
single-chip 
controller 


for 
ESDI 
Winchester 
Disks. 
While 
conforming 
to the 


complete 
revision 
E of the ESDI specification, 
this device 


executes 
22 high-level 
commands 
that provide 
flexibility 


and ease of usage. The MSD7262 is based on the proven 


WDATA 
RDATA 


RClK 
RST 
INT 
DMARQ 
TC 
WClK 
RiS 
WR 


ArJ 


Do 
D, 
D, 
D, 
D. 


Ds 
D. 


D7 


GND 


MSD7262 
PRELIMINARY 


V" 
RGATE 
WGATE 
ClK 


INDEX 
SECP/BClKJAMF 
AME 
NC 


DSD 
RDY 
ATT 
CMDC 
HSo/XACK 


HS1/RllD 
HS,fT.D 
HS,/XREQ 
DS, 
DS, 
DS, 


RW/COM 


HDC7261/HDC7260 
architecture 
but adapted to the special 


requirements 
of this disk interface. It eliminates 
numerous 


ICs and 
gives 
complete 
access 
to all of the 
features 


implemented 
by the ESDI disk drive 
manufacturers. 


• 


OSO 


AOY 


ATT 


CMOC 


HSo 


Disk 
HS, 
Interface 
Control 
HS, 


Logic 


HS, 


OS, 


OS, 


OS, 


AWtCOlJ 


Status 
XAEQ 


Register 
Serial 
TxO 


Communication 


00·07 
Logic 
XACK 


AxO 


AGATE 


WGATE 


INDEX 


Format 
SECPtBCLKlAMF 


Control 
AME 
Logic 
WOATA 


Host 
WCLK 
System 
Interface 
AOATA 


Logic 
ACLK 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


1 
Write Data 
WDATA 
NRZ write data output to ESDI drive 


2 
Read Data 
RDATA 
NRZ read data input from ESDI drive 


3 
Read Clock 
RCLK 
Read/reference 
clock 
input from ESDI drive 


4 
Reset 
RST 
System 
reset input 


5 
Interrupt 
INT 
Interrupt 
request 
output 


6 
DMA Request 
DMARQ 
DMA request 
output 


7 
Terminal 
Count 
TC 
Terminal 
count 
input from DMAC 


8 
Write Clock 
WCLK 
Write clock 
output to ESDI drive 


9 
Read 
RD 
Read control 
input signal from host computer 


10 
Write 
WR 
Write control 
input signal from host computer 


11 
Line Address 
0 
Ao 
Address 
select 
input from host computer 


12-19 
Data Bus 
00-07 
Data bus from host computer 


20 
Ground 
GND 
System 
ground 


21 
Read Write/Command 
RW/COM 
This output specifies 
the status of pins 25-28 


PIN NO. 
NAME 
SYMBOL 
DESCRIPTION 


22-24 
Drive Select 
DS3-DS, 
Drive select 
outputs 
to ESDI drive 


25 
Head 
Select 
HS3/XREQ 
If RW/COM 
= 1: head select 
(HS) outputs 
to ESDI drive. 
26 
HS2/TxD 


27 
HS,/RxD 
If RW/COM 
= 0 for serial 
data transfer 
to ESDI drive: transfer 


28 
HSo/XACK 
request 
(XREQ) output, transmit 
data (TxD) output, 
receive 
data 
(RxD) input, and transfer 
acknowledge 
(XACK) 
input. 


29 
Command 
Complete 
CMDC 
Command 
complete 
input from ESDI drive 


30 
Attention 
ATT 
Attention 
input from ESDI drive 


31 
Ready 
RDY 
Ready 
input from ESDI drive 


32 
Drive Select 
DSD 
Drive selected 
input from 
ESDI drive 


33 
No Connect 
NC 
Not connected; 
leave open 


34 
Address 
Mark Enable 
AME 
Address 
mark enable 
output from 
ESDI drive 


35 
Selector 
Pulsel 
SECP/BClKI 
Sector 
pulse or byte clock 
or address 
mark found; 
input from 
ESDI 
By1e Clockl 
AMF 
drive (mutually 
exclusive) 
Address 
Mark 


36 
Index 
INDEX 
Index detected 
input from ESDI drive 


37 
Clock 
ClK 
System 
clock 
input 
to MSD7262 


38 
Write Gate 
WGATE 
Write gate output to ESDI drive 


39 
Read Gate 
RGATE 
Read gate output to ESDI drive 


40 
Power 
Supply 
Vcc 
+5 V (Typical) 
input 
I 


STANDARDMICROSYSTEMS 
CORPORATION,_._ii 


l!l ••••••••••••• "- 
IlI'l1181 
'~"I 
UJ)1(IO 
fWk ~Ionl", 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appli- 
cations: consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semicon- 
ductor devices described any license under the patent rights of SMC or others. SMC reserves the right to 
make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSVSTEMS 
CORPORATION"I 
MSD95COO 
PRELIMINARY 


Small Computer 
System Interface (SCSI) 
Controller-SCSIC 


FEATURES: 
o Initiator and Target Operation. 
o 5 MByte/Sec 
Synchronous 
and 3 MByte/Sec 


Asynchronous 
Data Transfers. 
o Automatic 
Arbitration 
and (Re) Selection. 
o Supports 
both Arbitration 
and Non-arbitration 


Applications. 
o Separate 
Busses for Data and Microprocessor. 


o Separate 
DMA for Processor 
and Data Channels. 
o Burst Mode DMA Transfers on Data Bus. 
o Programmed 
I/O or DMA Transfers on Processor 


Data Bus. 
o Internal Twelve Byte Buffer. 
o Internal 24-bit Byte Transfer Counter. 
o Built-in 48ma High-Current 
SCSI Bus Drivers. 
o Thru-Parity. 
o User Selectable 
Selection 
Timeout. 


o Eight Bit Bi-Directional 
General Purpose I/O Port. 
o Bus Architecture 
allows caching. 
o Compatible 
with MSD 95C02 Storage Controller. 
o Low Power CMOS. 
o TTL compatible 
inputs and outputs. 


AD5 
AD6 
AD? 
DREQ 
DACK 


DBP 
DB? 
DB6 
DB5 
DB4 
DB3 
DB2 
DBl 
DB0 


DMACLK 
GND 


vcc 


W~58575655~53~51~4948474645« 


61 
~ 


U 
Q 


63 
41 
64 
40 
~ 
~ 
~ 
. 
~ 
~ 


M 
• 
, 
. 
2 
M 
3 
~ 


4 
U 
5 
~ 


6 
m 


7 
n 


8 
u 
9 
V 


10 11 12 13 14 15 16 17 18 19 20 21 22 232425 
26 


XD2 
XD1 
XD0 
vcc 
GND 
1/0 
REQ 
GND 
C/D 
SEL 
GND 
MSG 
SRST 
GND 
ACK 
BSY 
.GND I 


The MSD95COO SCSI Controller 
is capable 
of negotiating 
that connects to the data ring buffer (the Data bus) and the 
for and supporting 
data transfer on an ANSI SCSI (Small 
SCSI bus. Information 
transfers 
can be made between the 
Computer System Interface) compatible computer bus. The 
SCSI bus and either of the other two busses. The Data bus 
internal twelve byte buffer makes this device suitable for both 
supports 
burst mode DMA transfers 
and the System bus 
peripheral 
and host adapter 
applications 
in systems that 
supports 
both programmed 
I/O and DMA transfers. 


support both Asynchronous 
and Synchronous 
data transfer 
AcCesses to the ring buffer are controlled via a DMA request! 


modes. 
acknowledge 
handshake. Local processor transfers, as well 
The 
MSD95COO 
includes 
circuitry 
that 
automatically 
as transfers 
to logical 
nodes 
(e.g., media transfers), 
are 
arbitrates for the SCSI bus and selects or reselects another 
completely 
asynchronous 
with respect to transfers 
across 
device. This feature combined 
with the size of the internal 
the SCSI bus. 
buffer allows a selected 
Target device to transfer an entire 
The 
MSD95COO 
can 
be 
combined 
with 
the 
flexible 
command from an Initiator with a minimum of host processor 
MSD95C02 
Storage Controller, a standard microprocessor, 


intervention 
on either side. 
and off-the-shelf 
static 
RAM to support 
embedded 
SCSI 
The MSD95COO has three independent 
busses: 
one that 
peripheral applications with minimum component 
count and 
connects to the local microprocessor 
(the System bus), one 
synchronous SCSI speeds of up to 5 megabytes per second. 
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$(-?8!~~;47$#'~ 
ff 
RING BUFFER 


GND 
I 


DB7-DBO 
A15-AO 
OE 
WE 
DMA 
OUTPUTS/ 
1- 
L ~ 
CYCLE 
STATUS 
q"' 0' •••• ,' 
•• 
6 
It ~ .... 
(j 
~ 
~ 
q< 
"i 
0; 
0;0 


o 
Xl 
DB7-DBO 
V 


X2 


DBP 
-NC 


T 
MSD95COO 
- 
DB7-DBO 
A15-AO 
OE 
WE 
GND 
SCSIC 
POR 
CTL5-8 


A 
•... 
TST4-1 
TEST 
INPUTS 


XD7-XDO 


RDIDS) 
RCLK 
~ 
DATA 
I 
READ 
..• 
v 
RD IDS) 
- 
CE 
MSD95C02 
RDATA 
SEPARATOR!~ 
0 


DREO 
-- 
OR 
RDGATE 
• 
en 
DMAR 
DACK 
DMAA 
DISK 
WGATE ___ I PRECOMP~ 
;:>\ 


CE 


K 
CONTROLLER 
WDATA 
LOGIC 
0 
:IJ 
LLER 
DMACLK 
DMACLK 
t 
t 
<: 
PDREQ 
_ 
WR(RiW) 
EARLY (CTL1) 
I 
m 
INT 
INT 
LATE (CTL2) 


ALE (AS) 
ALE IAS) 


CTL3 


CTL4 


ADDR 
RST 
RST 
"".~ 
l 


DECODER 
AD7-0 
WR(R/W) 
AD7-0 
LPS 


DRIVE 
STATus 
~ 
L~ 
t 
.-<;. 


r 


L ::.. 


I 
I 
'~7 


IPDREO 
WR 
INT A~RST 
RD 
AD7-0 
GPOUT 


GPI~Pi~ 
(RW) 
(AS) 
DRIVE 
CONTROL 
A15-A8 
Z80, 80188, 
8051 OR OTHER 
PROCESSORS 
GPIO 
--.J 


CE 
TODIS 
CONTRO 


SCSI 
BUS 
INTERFACE 


DMACLK 


DREQ 


DACK 


DB171¢====> 
SD7- 


DB(O) 
SDO 


DB(P) 
SOP 


BSY 
BSY 


SEL 
SEL 


REO 
REO 


ACK 
ACK 


MSG 
MSG 


I/O 
110 


C/D 
C/D 


ATN 
ATN 
RST 
SRST 


PARITY 
CHECKERI 


GENERATOR 


XD7-XDO 


GENERAL 
PURPOSE 
1/0 PORT 


RD(DS) 
WR (RiW) 
ALE (AS) 
CE 
RST 
INT 
PDREO 


CONTROL 
LOGIC 
AND 
STATUS 
REGISTERS 


PIN NO 
NAME 
SYMBOL 
1/0 
DESCRIPTION 


1-6 
RING BUFFER 
DBO-DB7 
1/0 
These 
pins are the eight bi-directional 
data signals 
67,68 
DATA BUS 
tolfrom 
the RING Buffer. 


7 
DMACLOCK 
DMACLK 
0 
This output 
is used by the DMA controller 
to time 
data transfers. 


8, 12, 15, 18,21 
GROUND 
GND 
P 
Ground 
connection. 
24,27,30,33,36,39 


9,40 
POWER 
'.lee 
P 
+ 5'01Power connection. 


11 
CRYSTAL 
INPUT 
X1 
I 
A 20 MHz. (max) crystal 
is connected 
to this output. 


Alternately 
a TTL clock 
may be the input to this pin. 


10 
CRYSTAL 
OUTPUT 
X2 
0 
A 20 MHz. (max) crystal 
is connected 
to this output. 


Alternately, 
if a TTL is connected 
to X1, this input is 
left floating. 


13,14,16, 
SCSI 
DATA BUS 
SDO-SD7 
1/0 
These 
pins are the eight bi-directional 
SCSI data 
17,19,20, 
signals 
tolfrom 
the SCSI bus. Their direction 
22,23 
depends 
on the state of the 1/0 signal, 
except 
during 
arbitration. 


25 
SCSI 
PARITY 
SDP 
1/0 
This pin is the bi-directional 
PARITY 
signal tolfrom 
the SCSI bus. Its direction 
depends 
on the state of 
the 1/0 signal. 


26 
ATTENTION 
ATN 
1/0 
This pin is the bi-directional 
ATTENTION 
signal tol 


from the SCSI bus. It is an output 
when the 
controller 
is programmed 
as an initiator 
and an input 
when 
programmed 
as a target. 


28 
BUSY 
BSY 
1/0 
This pin is the bi-directional 
BUSY signal tolfrom 
the 
SCSI bus. 


29 
ACKNOWLEDGE 
ACK 
1/0 
This pin is the bi-directional 
ACKNOWLEDGE 
signal tolfrom 
the SCSI bus. It is an output 
when the 
controller 
is programmed 
as an initiator 
and an input 
when programmed 
as a target. 


31 
SCSI 
BUS RESET 
SRST 
1/0 
A low on this bi-directional 
SCSI bus indicates 
an 
SCSI bus Reset. 


32 
MESSAGE 
MSG 
1/0 
This pin is the bi-directional 
MESSAGE 
signal tol 


from the SCSI bus. It is an output 
when the 
controller 
is programmed 
as a target 
and an input 
when programmed 
as an initiator. 


34 
SELECT 
SEL 
1/0 
This pin is the bi-directional 
SELECT 
signal tolfrom 
the SCSI bus. 


35 
COMMANDIDATA 
CID 
I/O 
This pin is the bi-directional 
COMMANDIDATA 
signal tolfrom 
the SCSI bus. It is an output 
when the 
controller 
is programmed 
as a target 
and an input 
when programmed 
as an initiator. 


37 
REQUEST 
REQ 
1/0 
This pin is the bi-directional 
REQUEST 
signal tol 


from the SCSI bus. It is an input when the controller 
is programmed 
as an initiator 
and an output 
when 
programmed 
as a target. 


38 
INPUTIOUTPUT 
1/0 
1/0 
This pin is the bi-directionallNPUT/OUTPUT 
signal 
tolfrom 
the SCSI bus. It is an output 
when the 
controller 
is programmed 
as a target 
and an input 
when programmed 
as an initiator. 


41-48 
BIDIRECTIONAL 
XDO-XD7 
I/O 
These 
pins are open drain general 
purpose 
1/0 bus 
EXTERNAL 
DATA BUS 
with internal 
1K pUll ups. 


49 
RESET 
RST 
I 
This active low input causes 
the MSD95COO 
to reset 
to an initial state: 
All SCSI signals 
are deasserted. 
DREQ is inactive 
high. 


PDREQ 
is inactive 
low. 


INT is inactive 
high. 
AD7-0 
are inputs. 
DB7-0 are inputs. 
Refer to individual 
register 
descriptions 
for the reset 


state of each register. 


I 


PIN NO 
NAME 
SYMBOL 
I/O 
DESCRIPTION 


50 
PROCESSOR 
PDREQ 
0 
Output active high when data byte transfer to/from 
DMA REQUEST 
Processor RAM is required. 


51 
INTERRUPT 
INT 
0 
This output is the interrupt signal to the local 
processor. This output is active low open drain and 
has an internal pullup. 


52 
WRITE STROBE 
WR 
I 
When the SCSIC is configured for ALE, this active 
(READIWRITE) 
(RiW) 
low strobe is used to latch write data from the AD7-0 
bus into the sgslC. 
When the SCSIC is colJ!igured 
for AS, the RIW input is used to qualify the OS for a 
read or write cycle. 


53 
READ STROBE 
RD(DS) 
I 
When the SCSIC is configured for ALE, this active 
(DATA STROBE) 
low strobe is used to enable read data from the 
SCSIC onto the AD7-0 bus. When the SCSIC is 
configured for AS, this active low signal is used to 
strobe data into or out of the SCSIC. 


54 
CHIP ENABLE 
CE 
I 
This input, when low,enables the SCSIC's registers 
for reading and writing. 


55 
ADDRESS LATCH 
ALE (AS) 
I 
This signal is active when address data is valid on 
ENABLE 
the AD7-0 bus. The local processor must read a_ 
(ADDRESS STROBE) 
SCSIC register to configure the chip for ALE or AS. 


56-63 
LOCAL PROCESSOR 
ADO-AD7 
I/O 
These eight signals are the multiplexed address/ 


ADDRESS/DATA BUS 
data bus to/from the local processor. 


64 
DMA REQUEST 
DREQ 
0 
This active low output is used to request a DMA 
transfer between the SCSIC and its logical node 
across the RING Buffer data bus. 


65 
DMA 
DACK 
I 
This active low input is used to strobe data from the 
ACKNOWLEDGE 
RING Buffer data bus during transfers between the 
SCSIC and its logical node. 


66 
SYSTEM DATA 
DBP 
I/O 
This pin is the parity bit for the RING Buffer Data 
BUS PARITY 
Bus. 


SYSTEM OPERATION 


SCSI initiators 
and targets communicate 
using a protocol 
based on eight distinct phases. These phases are used to 
describe 
changes 
to the various 
conditions 
of the control 
lines 
and the data 
bus lines. 
In one possible 
order 
of 
execution, the phases of SCSI include: 
BUS FREE phase: 
No signal lines are being driven by 
any target or initiator. 


ARBITRATION 
phase: 
Arbitration 
is an optional 
phase 
where the initiator, or target if reselection 
is supported, 
tries to gain access to the bus by issuing its SCSI ID on 
the data 
bus. The 
initiator 
with the highest 
SCSI 
ID 
(closest to bit 7) wins the bus. 
SELECTION 
phase or RESELECTION 
phase: 
SELECTION 
phase: 
The selection 
phase allows the 
initiator .to select 
a target 
for a given function 
(e.g., 
READ or WRITE command). 
NOTE: Once the target 
has been selected, 
it controls the bus until the end of 
MESSAGE 
phase. 
RESELECTION 
phase: An optional 
phase that is the 
SELECTION 
AND RESELECTION 
same 
as the selection 
phase, 
except 
that a target 
The Arbitration, 
Selection 
and Reselection 
phases 
are 
becomes an arbitrator during the arbitration phase. This 
controlled by a state machine. When the MSD95COO detects 
phase is used when a target prematurely 
disconnects 
the SCSI Bus Free phase, 
it will perform 
the Arbitration, 


from 
an 
initiator, 
leaving 
a previous 
command 
Selection 
or Reselection 
sequence 
required. 
unfinished. 
Issuing the Select command 
to the MSD95COO will cause 
MESSAGE 
phases: 
There are two MESSAGE 
phases 
the internal Attempt 
Selection 
(ATMTSEL) 
latch to be set. 


(MESSAGE 
IN and MESSAGE 
OUT) used to provide for 
The Destination ID must be loaded prior to issuing the Select 
other communication 
between the initiator and the target. 
command. 
Command 
execution will then be dependent 
on 
This phase 
allows 
for single 
byte messages 
such 
as 
the settings 
of the Initiator/Target 
and Arbitration 
Enable/ 


COMMAND 
COMPLETE 
or multiple byte messages such 
Disable bits in the Mode register: 
684 


as establishing 
data path management. 


COMMAND 
phase: 
Allows 
the 
target 
to request 
a 
command 
from the initiator. The command 
might be to 
read data, write data, format the disk, etc. A command 
consists 
of 
several 
bytes 
called 
the 
COMMAND 
DESCRIPTOR 
BLOCK. 


DATA phase: There are two data phases, 
the DATA IN 
phase and the DATA OUT phase. For the DATA IN phase, 
the Target requests 
that data be sent from the Target to 


initiator. The DATA OUT phase transfers 
data from the 
initiator to Target. 


STATUS phase: The STATUS phase allows the target to 
send a byte of status to the initiator. Additional 
status can 
be requested 
with another command. 


Automatic 
Selection 
And Reselection 


This section describes 
how an Initiator selects a Target, a 
Target reselects an Initiator and a Target or Initiator becomes 
selected 
or reselected. 


bits are active high, the Processor 
should read the Status 2 


register. 
The 
SCSIC 
resets 
Selection 
Attempted 
and 


(Re)Selection 
Complete 
status 
bits during 
the Status 
2 


register read. 


If the Transfer Requested, 
Transfer Complete, 
Parity Error, 


SCSI Reset Change 
or SCSI ATN Change 
status bits are 


active high, the Processor 
should read the Status 3 register. 


In response, the SCSIC resets Transfer Requested, Transfer 
Complete, 
Parity Error, SCSI Reset Change and SCSI ATN 


Change status bits. 


If the Condition 
Change 
status 
bit is active 
high, 
the 


Processor should read the Status 4 register, and the SCSIC 
resets the Condition 
Change status bit. 


Byte Transfer Modes 
In either case, the SCSIC will not begin the Arbitration 
or 
INTERRUPT 
DRIVEN 
I/O: 


Selection 
phases 
until detection 
of Bus Free. The SCSIC 
The processor 
responds 
to an interrupt 
by reading 
the 
will then either enter the Arbitration 
phase or go directly to 
Interrupt Status register. If the SCSI status bit is active high, 


the Selection 
or Reselection 
phase. 
the Processor 
reads the Status 1 register to determine 
the 


If it enters the Arbitration 
phase, the SCSIC will attempt to 
source of the interrupt. 


gain control of the SCSI bus. Following Arbitration, 
if it won 
If the Transfer 
Requested 
status 
bit is active 
high, the 


the bus, the SCSIC will start the Selection 
or Reselection 
Processor 
should 
read the Status 3 register. In response 


phase or if it lost the bus, begin looking for Bus Free phase. 
the SCSIC resets the Transfer Requested 
status bits. 


BEING SELECTED 
OR RES ELECTED 
If the Byte Available 
status bit is set, the Processor 
reads 
If enabled, 
the SCSIC 
may be Selected 
or Reselected 
by 
the SCSI Data Out register. Next, if no more data is found 
another 
SCSI 
device 
(depending 
on 
whether 
it 
is 
in buffer, the SCSIC clears the Byte Available 
status bit. If 


programmed 
as a Target or Initiator). 
the Byte Available status bit is still set, the SCSIC then clears 
PDREQ and generates 
a new transfer 
Request interrupt. 


If the Byte Requested 
status bit is set, the Processor writes 


a byte of data to the SCSI Data Out register. The SCSIC 
clears the Byte Requested 
status bit if no more SCSI REQs 


are pending 
or there is no more room in the buffer. Next, 


SCSI 
clears 
PDREQ 
and generates 
another 
Transfer 


Request interrupt if the Byte Requested status bit is still set. 
DMA DRIVEN 
I/O: 


DMA controller transfers Message bytes to Processor RAM 
in response to PDREQ active high. The SCSI Byte Available 
status bit is cleared if no more data is in the buffer. Next SCSII 


The SCSIC will reset the ATMTSEL 
latch if 1) it detects that 
clears PDREQ (byte mode) and PDREQ (burst mode) if the 
it is being selected, 
the selection 
is good and Selection 
is 
Byte Available status bit is not active high. Another PDREQ 
- 
enabled or 2) it is being Reselected, 
the reselection 
is good 
is generated 
if the Byte Available status bit is still set. 


and Reselection 
is enabled. 
For example, 
in the case in 


which the SCSIC 
attempted 
Arbitration 
(when ATMTSEL 
DMA controller transfers Message bytes from the Processor 
was set), 
lost Arbitration 
and was itself 
selected, 
the 
RAM to the SCSI Data Out register in response to PDREQ 
ATMTSEL latch will be reset. The ATMTSEL bit is also reset 
active high. The SCSIC then 1) clears the Byte Requested 
when the SCSIC wins Arbitration 
and completes 
Selection 
status bit if no more SCSI REQs are pending or there is no 
or Reselection 
either 
successfully 
or unsuccessfully. 
A 
more room in the Buffer, 2a) PDREQ is cleared (byte mode), 


Selection 
or Reselection 
is good if there are no more than 
2b) PDREQ is cleared 
(burst mode) if the Byte Requested 
two ID bits asserted 
(one of which corresponds 
to the one 
status 
bit is not active 
high and 3) another 
PDREQ 
is 


in the SCSI ID register) and the parity, if enabled, 
is good. 
generated 
if the Byte Requested 
status bit is still set. 


If a Selection or Reselection 
is not good, the SCSIC will not 
POLLED 
I/O: 
respond. 
If the Selection 
or Reselecion 
is good 
but not 
The processor 
reads the Status 3 register to see if either 
enabled, 
the Invalid (Re)Selection 
Status bit will be set. If 
the Byte Available or Byte Requested 
status bits are active 
the Selection or Reselection is good and enabled, either the 
high. 
Valid Selection 
or Valid Reselection 
status bit will be set. 
If Byte Available is active, the Processor 
transfers 
the byte 
When being selected or reselected 
the SCSIC will mask off 
from the SCSI 
Data 
In register 
to the Processor 
or the 


its own ID bit when it latches the bus ID into the SCSI BUS 
Processor 
RAM. If there is no more data in the buffer, the 
ID register. The Processor 
can read the register after the 
SCSIC clears the Byte Available status bit. 


Selection 
or Reselection 
is complete 
to determine 
the 
If the Byte Requested 
is active, the Processor transfers the 
selecting 
or reselecting 
device. 
byte from the Processor 
or the Processor 
RAM to the SCSI 
Interrupt 
Mechanism 
Data Out register. If no SCSI REQs are pending or the Buffer 
is full, the Byte Requested 
status bit is cleared. 
The processor 
should 
respond 
to an interrupt 
by reading 


the Interrupt Status register. 
SCSI Parity Error Handling 


If the SCSI status bit is active high, the Processor 
reads the 
Initiator (Status, Message 
In, Data In Phases): 


Status 1 register to determine 
the source of the interrupt. 
If 
If the Halt On Parity Error bit in the Control 
Register is set 
the Selection 
Attempted 
or (Re)Selection 
Complete 
status 
to one the SCSIC will halt and set the Halted and PE status 
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ARBITRATION 
Effect of 
INIT/TARG 
ENABLE 
Select Command 
0 
0 
Illegal Condition 
0 
1 
Initiate Arbitration 
for 
SCSI bus and Reselect 
Initiator when 
Arbitration 
won 


1 
0 
Select Target without 
Arbitration 


1 
1 
Initiate Arbitration 
for 
SCSI bus and Select 
Target when Arbitration 
won 


ENA 
RESEL 
ENA SEL 
Selection/Reselection 
0 
0 
Device may not be selected or 
reselected 
0 
1 
Device may be selected 
but not 
reselected 
1 
0 
Device may be reselected 
but 
not selected 
1 
1 
Device may be selected 
or 
reselected 


bits if data has even parity. If these bits are set, the SCSIC 
will generate a PE interrupt. 
If enabled, a Condition Change 
interrupt will also be generated. 
In response to the interrupt, 
the processor 
reads the Status registers 
and resets Parity 
Error and Condition 
Change 
Interrupts. 


The processor 
asserts ATN to request Message Out phase 


in order to signal its desire to send either Message 
Reject 
or Message 
Parity 
Error. Then 
the processor 
issues 
a 


(Re)Start Command. 


Target (Command, 
Message 
Out, Data Out Phases): 


The SCSIC will set the PE status bit if data has even parity. 
If the PE bit is set, the SCSIC will generate 
a PE interrupt. 


In response to the interrupt, the processor 
reads the Status 


registers. 
Finally, 
the 
SCSIC 
resets 
the 
Parity 
Error 
Interrupts. 


Note: The Halt On Parity Error bit in the Control 
Register 
does not affect Target operation. 


COMMANDS 


The SCSIC acts as an interface between the SCSI bus and 
the initiator/target 
unit. When acting as an initiator (or target 
supporting 
reselection), 
it controls 
the 
selection 
and 
arbitration 
process. 
As a target, it manages 
the receipt of 


the command 
packet from the initiator. All other operations 


TABLE 1-MSD95COO 
COMMANDS 


are managed 
by an outside 
processor. 
The typical flow of 


control progresses 
as follows: 


1) The initiator's 
processor 
builds the command 
block. 


2) The processor 
then instructs 
the initiating 
SCSIC to 


begin Selection. 
Arbitration, 
if enabled, 
is handled by the 


chip. 
3) Once the target unit is selected, the target's processor 
instructs 
the target SCSIC to set up a command 
phase 


(other phases 
possible 
at this point include 
message, 


status or data phases). 
4) The first byte is transmitted 
to the target. 


5) The target 
SCSIC 
notifies 
its processor 
(through 


pOlling/interrupt) 
that it is holding the byte. The processor 


reads the byte in order to determine the command length. 
6) The target processor instructs its SCSIC to transfer the 
remaining 
bytes. 
7) The 
command 
packet 
now 
resides 
in the target 


SCSIC's 
FIFO buffer. 


8) The target 
SCSIC 
notifies 
its processor 
(through 


polling/interrupt) 
that the command 
packet is available. 


9) The processor 
transfers 
the command 
packet into its 


own memory. 
The processor 
is now responsible 
for 


digesting 
and executing the command. 


10) While the target's processor executes each command, 
the initiator 
and target 
SCSICs 
handle 
handshaking 


associated 
with the command. 


COMM 
CODE 
(HEX) 
COMMAND 
SCSI 
CCS 


00 
Test Unit Ready 
optional 
mandatory 
03 
Request Sense 
mandatory 
mandatory 
04 
Format Unit 
mandatory 
mandatory 
08 
Read 
mandatory 
mandatory 
OA 
Write 
mandatory 
mandatory 
01 
Rezero Unit 
optional 
optional 
05 
Check Track Format 
vender unique 
OB 
Seek 
optional 
optional 
12 
Inquiry 
extended 
mandatory 
1A 
Mode Sense 
optional 
optional 
25 
Read Capacity 
extended 
mandatory 
06 
Format Track 
Vender Unique 
OE 
Assign Alt Track 
Vender Unique 


15 
Mode Select 
optional 
optional 


16 
Reserve Unit 
optional 
mandatory 


17 
Release Unit 
optional 
optional 


1C 
Receive Diag Result 
optional 
optional 


10 
Send Diagnostics 
optional 
mandatory 
2E 
Write and Verify 
optional 
optional 


REGISTER DESCRIPTION 
The 4 LSB's are used to program the SCSI REQlACK offset. 


RESET REGISTER 
The 4 LSB's are reset to zero by a hard or soft System Reset. 


8-Bits Read Only (ADDRESS 
OOH) 
Bits 3-0 
REQ/ACK 
Offset. 


Reading the Reset register address configures 
the chip to 
= 0 SCSI Asynchronous 
data transfer mode. 
ALE or AS type timing. Reading the Reset register address 
= 1-12 SCSI Synchronous 
data transfer mode. 


a second time puts the MSD95COO into the same state as 
These 
bits are used to program 
the MSD95COO with the 
driving 
the RST input low and simultaneously 
reads the 
REQ/ACK 
offset. 
The maximum 
number 
of offsets 
the 
general purpose input port:A write to any other MSD95COO 
MSC95COO 
can 
support 
is 12. These 
bits 
should 
be 
register will terminate 
the reset state as well as write to the 
programmed 
with 
the 
REQ/ACK 
Offset 
regardless 
of 
desired register. Both the hardware and software resets will 
whether the chip is operating 
in Initiator or Target mode. 
perform the same function as the Clear command in addition 
Bits 7-4 Transfer Period 


to resetting certain register bits as detailed 
below. 
These bits are used to program 
the MSD95COO with the 
NEGOTIATION 
REGISTER 
Transfer 
Period for the SCSI Synchronous 
Data transfer 
8-Bit Write Only (ADDRESS 
OOH) 
operations. 
The transfer period will be (2 + N) T where T is 
The 4 MSB's of this eight bit write only register are used to 
twice the clock period. 
For a 20 Mhz crystal 
1 is (2 + 0) 
program the Transfer Period for Synchronous 
Data transfer. 
100ns = 200ns 
= 5mhz. 
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MSD95COO 
REGISTER BIT MAPS 


(WRITE 
REGISTER-ADDRESS 
OOH) 


REQ/ACK 
OFFSET 
I 


MOST SIGNIFICANT 
BYTE OF BYTE 
COUNT 
REGISTER 
(1's compliment) 


MIDDLE 
BYTE OF BYTE COUNT 
REGISTER 
(1's compliment) 


LEAST SIGNIFICANT 
BYTE OF BYTE 
COUNT 
REGISTER 
(1's compliment) 


vo REGISTER 
(WRITEREGISTER-ADDRESSOSH) 
I 
LATCHED 
DATA TO XD7 TO XDO PINS 
I 


RESERVED 


IIMSBI 


RESERVED 
I(MSB) 


DESTINATION 10 REGISTER 


IIMSBI 


SCSI 10 REGISTER 


IIMSSI 


DATA 
OUT 
REGISTER 


(WRITE 
REGISTER-ADDRESS 
OBH) 


RESERVED 
ILSBII 


(WAITE REGISTER-ADDRESS 
OCHI 


RESERVED 
ILSBII 


(WRITE 
REGISTER-ADDRESS 
ODH) 


DESTINATION 
ID 
ILSBII 


(WRITE 
REGISTER-ADDAESS 
OEH) 


SCSI ID (NODE 
ID) 
ILSSII 


DATA 
IN REGISTER 


IIMSBI 


(READ 
AEGISTER-ADDRES50FHj 


DATA FROM BUFFER 
ILSBII 


MODE REGISTER 
8-Bits Read/Write 
(ADDRESS 
01H) 


This 8 bit ReadlWrite 
register defines the operating 
mode 
of the SCSIC. Refer to the System Operation 
section for a 
description 
of the operating 
modes. The bits in this register 
are reset to zero by a hard or soft System Reset. 


Bit 0 Initiator/Target 


(READ 
REGISTER-ADDAESS 
OOH) 


XD7-XDO (IN) 
I 


BYTE COUNTER HIGH REGISTER 
(READ REGISTER-ADDRESS02H) 


IIMSBI 
MOST SIGNIFICANT 
BYTE 
ILssl1 


BYTe COUNTERMIDDLEREGISTER 
(READREGISTER-ADDRESS 03H) 


IIMSBI 
MIDDLE 
SIGNIFICANT 
BYTE 
ILSBII 


BYTECOUNTERLOWREGISTER 
(READREGISTER-ADDRESS04H) 


IIMSBI 
LEAST SIGNIFICANT 
BYTE 
IL5BII 


(READ 
REGISTER-ADDRESS 
09H) 


~ 


C51 
I 
INTER· 
RESERVED 


RUPT 
---------------- 
~----- 


selected 
or reselected 
by another device. The state of this 


bit determines 
whether the select command 
will start either 


the select function or the reselect function. 


Bit 1 Arbitration 
Enable/Disable 
When this bit is set to 1, the MSD95COO will begin arbitration 
for 
SCSI 
bus 
after 
detecting 
bus 
free 
for 
selected 


commands. 
When 
set to 0, the arbitration 
phase 
will be 


bypassed 
and the chip will go directly 
to selection 
after 


The state of this bit will not prevent the chip from being 
detecting 
bus free. 
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Bit 3 DREQ Multiple/Single 
Pulse Mode 
When this bit is "1'; the SCSIC can generate 
up to twelve 
DREQ pulses 
before receiving 
the first DACK. When this 
bit is "0'; the SCSIC will expect one DACK for every DREQ 
pulse generated. 


Bit 4 PDREQ Level/Pulsed 
When this bit is "1", PDREQ will be high as long as there is 
received data in the buffer or there is room for more data in 
the buffer 
when 
sending 
data. When 
this bit is "0'; the 
MSD95COO will drive the PDREQ output inactive low after 
the Data In register is read or the Data Out register is written 
to regardless 
of the state of the buffer. 


Bit 5,6 Selection 
Timeout 


These two bits are used to select the desired SCSI Selection 
Timeout: 


Bit6 
Bit5 
Timeout 
Selected' 


0 
0 
839ms 
0 
1 
210ms 
1 
0 
52ms 
1 
1 
1.6ms 


'based 
on 20 MHz crystal operation 


Bit 7 Reserved 


BYTE COUNTER 
HIGH REGISTER 


8-Bit ReadlWrite 
(ADDRESS 
02H) 


This 8-bit ReadlWrite register holds the most significant byte 
that is to be loaded 
into the Byte Counter. 
The data is 


transferred 
from the Byte Counter 
High Register 
into the 
Byte Counter when the Byte Counter Low register is loaded. 
Bit 7 is the MSB and bit 0 is the LSB. The Byte Counter 
registers are loaded with the 1's complement 
of the desired 
byte count. 


BYTE COUNTER 
MIDDLE 
REGISTER. 


8-Bit ReadlWrite 
(ADDRESS 
03H) 


This 8-bit ReadlWrite 
register holds the middle byte of data 


that 
is to be loaded 
into the Byte Counter. 
The data is 


transferred 
from the Byte Counter 
Middle Register into the 
Byte Counter when the Byte Counter Low register is loaded. 
Bit 7 is the MSB and bit 0 is the LSB. 


The 
Byte 
Count~r 
registers 
are 
loaded 
with 
the 
1's 


complement 
of the desired byte count. 


BYTE COUNTER 
LOW REGISTER 
8-Bit ReadlWrite 
(ADDRESS 
04H) 


This 8-bit ReadlWrite register holds the least significant byte 
of data that is to be loaded into the Byte Counter. The data 
is transferred 
into the Byte Counter when the Byte Counter 
Low register is loaded. Bit 7 is the MSB and bit 0 is the LSB. 
The 
Byte 
Counter 
registers 
are 
loaded 
with 
the 
1's 


complement 
of the desired byte count. 


I/O REGISTER 
8-Bit ReadlWrite 
(ADDRESS 
05H) 


This 8-bit ReadlWrite 
register 
is an eight bit bi-directional 
I/O port available 
to the Processor. 
Data written 
to this 


register will be latched and available on the XD7-XDO pins. 
Information 
present on the XD7-XDO pins will be available 


to the Processor 
when this register is read. The XD7-XDO 


I/O pins are open drain with internal pullup devices. 


INTERRUPT 
ENABLE 
1 REGISTER 


8-Bit ReadlWrite 
(ADDRESS 
06H) 


register are cleared to zero by a hard or soft System Reset. 


Bit 0 Selection 
Attempted 
Interrupt 
When this bit is set to "1 '; the MSD95COO drives the SCSI 
Master 
Interrupt 
bit 
active 
high 
when 
the 
Selection 


Attempted 
bit in the Status 1 register 
is set to one. When 


this bit is "0'; the Master Interrupt 
will not be driven active 


high for this condition. 


Bit 1 (Re)Selection 
Complete 
Interrupt Enable 
When this bit is set to "1'; the MSD95COO drives the SCSI 
Master 
Interrupt 
bit active 
high when 
the (Re)Selection 


Complete 
bit in the Status 1 register is set to one. If this bit 


is "0': the Master Interrupt will not be driven active high for 
this condition. 


Bit 2 Transfer Request Interrupt 
When the bit is set to "1 '; the MSD95COO drives the SCSI 
Master Interrupt bit active high when the Transfer Request 
bit in the Status 1 register is set to one. If this bit is "0': the 
Master Interrupt will not be driven high for this condition. 


Bit 3 Transfer Complete 
Interrupt 
Enable 
When this bit is set to "1 ': the MSD95COO drives the SCSI 
Master Interrupt bit active high when the Transfer Complete 
Interrupt bit in the Status 1 register is set to one. The Master 
Interrupt will not be driven high for this condition. 


Bit 4 Parity Error Interrupt 
Enable 
When this bit is set to "1", the MSD95COO drives the SCSI 
Master 
Interrupt 
bit active 
high 
when 
the 
Parity 
Error 


Interrupt bit in the Status 1 register is set to one. When this 
bit is "0': the Master Interrupt will not be driven active high 
for this condition. 


Bit 5 System Parity Error Interrupt 
Enable 
When this bit is "1 ': the SCSIC will drive the SCSI Master 
Interrupt 
bit active 
high when 
the System 
Parity 
Error 


Interrupt bit in the Status 1 register is set to one. When this 
bit is reset, the Master Interrupt will not be driven active high 
for this condition. 


Bit 6 SCSI ATN or RESET Change 
Interrupt Enable 


When this bit is set to" 1': the MSD95COO will drive the SCSI 
Master 
Interrupt 
bit active 
high when 
the SCSI 
ATN or 


RESET Change bit in the Status 1 register is set to 1. When 
this bit is set to "0': the Master 
Interrupt 
will not be driven 


active high for this condition. 


Bit 7 Condition 
Change 
Interrupt 
Enable 
When this bit is set to "1 '; the MSD95COO will drive the SCSI 
Master Interrupt bit active high when the Condition 
Change 


bit in the Status 1 register is set to one. When this bit is set 
to "0", the Master Interrupt will not be driven active high for 
"this condition. 


INTERRUPT 
ENABLE 2 REGISTER 
8-Bit ReadlWrite 
(ADDRESS 
07H) 


This eight bit ReadlWrite register enables or disables certain 
microcomputer 
interrupt 
causing 
conditions. 
Reading this 


register 
reflects the states of the bits in it. The bits in this 


register are cleared to zero by a hard or soft System Reset. 


Bit 0 Valid Selection 
Interrupt 
Enable 
When this bit is set to "1 ': the SCSIC will set the Selection 
Attempted 
bit in the Status 1 register to one when the Valid 


Selection 
bit in the Status 2 register 
is active high. When 


this bit is "0': the Selection 
Attempted 
bit cannot be set by 


this condition. 


Bit 1 Valid Reselection 
Interrupt 
Enable 
When this bit is set to "1'; the SCSIC will set the Selection 
Attempted 
bit in the Status 1 register to one when the Valid 
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Reselection 
bit in the Status 2 register is active high. When 


this bit is set to "0'; the Selection 
Attempted 
bit cannot be 


set by this condition. 
Bit 2 Invalid (Re)Selection 
Interrupt Enable 


Setting 
this bit to a one will cause the SCSIC 
to set the 


Selection Attempted 
bit in the Status 1 register to one when 


the Invalid (Re)Selection 
bit in the Status 2 register is active 


high. If this bit is "0'; the Selection 
Attempted 
bit cannot be 
set by this condition. 
Bit 3 SCSI Transfer Complete 
Interrupt 
Enable 


Setting this bit to "1" will cause the SCSIC to set the Transfer 
Complete 
Interrupt 
bit in the Status 1 register to one when 


the SCSI Transfer 
Complete 
bit in the Status 3 register is 


active high. If this bit is "0", the Transfer Complete 
Interrupt 


bit cannot be set by this condition. 
Bit 4 Transfer Done Interrupt 
Enable 


Setting this bit to "1" will.cause 
the MSD95COO to set the 
Transfer complete Interrupt bit in the Status 1 register to one 
when the Transfer Done bit in the Status 3 register is active 
high. If this bit is "0'; the Transfer 
Complete 
Interrupt 
bit 


cannot be set by this condition. 


Bit 5 Halted Interrupt 
Enable 
Setting this bit to "1" will cause the MSD95COO to set the 
Condition 
Change 
bit in the Status 1 register to one when 


the Halted bit in the Status 4 register goes active high. If this 
bit is "0'; the Condition 
Change 
bit cannot 
be set by this 


condition. 


Bit 6 Bus Free Phase Detect Interrupt Enable 
Setting this bit to "1" will cause the MSD95COO to set the 
Condition 
Change 
bit in the Status 1 register to one when 


the Bus Free Phase 
Detect bit in the Status 4 register 
is 


active high. If this bit is "0'; the Phase Change bit cannot be 
set by this condition. 


Bit 7 SCSI Master Interrupt 
Enable 


Setting this bit to "1" will cause the MSD95COO to drive its 
INT output active low when an enabled 
condition 
causes 


one of the bits Lnthe Status 1 register to go active high. If 
this bit is "0': the INT pin cannot be driven active. 


CONTROL 
REGISTER 


8-Bit Read/Write 
(ADDRESS 
08H) 


This 
8 bit Read/Write 
register 
is used 
to control 
chip 


operation. The bits are reset to zero by a hard or soft System 
Reset. 


Bit 0 Auto ATN Assert 
When this bit is set to" 1'; the MSD95COO will automatically 
assert the SCSI bus ATN signal before beginning the select 
part of one of the Select commands. 
When this bit is set to 


"0'; ATN will not be asserted. 


Bit 1 Enable Selection 
When this bit is set to "1'; the MSD95COO will allow itselt to 
be selected 
by another SCSI device. When this bit is set to 


"0'; the MSD95COO will generate an interrupt when another 
SCSI device tries to select it. The state of this bit will not 
prevent the chip from attempting to select or reselect another 
SCSI device. 


Bit 2 Enable Reselection 
When this bit is set to "1'; the MSD95COO will allow itself to 
be reselected 
by another SCSI device. When this bit is set 


to "0", the MSD95COO 
will generate 
an interrupt 
when 


another SCSI device tries to reselect it. The state of this bit 
will not prevent the chip from attempting to select or reselect 
another SCSI device. 


Bit 3 Always 0 


Bit 4 Always 0 


Bit 5 Halt On Parity Error 
When this bit is set to "1" and the MSD95COO is operating 
in Initiator mode, the MSD95COO will not assert SACK for 
bytes with bad parity during Status, Message 
In or Data In 


phase transfers. 
This bit does not affect operation 
in Target 


mode. When this bit is set to "0'; the MSD95COO will negate 
SACK regardless 
of parity. 


Bit 6 Enable PDREQ 
When this bit is set to "1'; the SCSIC will be able to drive 
the PDREQ output active high. When this bit is set to "0'; 
the PDREQ output will be forced low. 


Bit 7 Enable DREQ 
When this bit is set to "1'; the MSD95COO will be able to 
drive the DREQ output active low. When this bit is set to "0'; 
the DREQ output will be forced high. 


INTERRUPT 
STATUS 
8-Bit Read Only (ADDRESS 
09H) 


This 
Read Only 
register 
contains 
information 
about 
the 


internal MSD95COO operation. 


Bits 0-1 Always 0 


Bit 2 SCSI Interrupt 
This bit is set to "1" when one of the enabled 
interrupt 


causing 
conditions 
causes 
a bit in the Status 1 register to 


go active high. It is reset to "0" when the interrupt causing 
condition(s) 
are cleared. 


Bits 3-7 Always 0 


COMMAND 
1 REGISTER 
8-Bit Write Only (ADDRESS 
09H) 


This Write Only register is used to initiate one of the Select 
or Reselect 
operations 
and to assert 
or negate the SCSI 


bus signals that are manipulated by the Processor software. 
Except for the Clear bit, the states of these bits are used to 
generate a strobe and are not latched in the MSD95COO. A 
hard or soft System Reset will cause the signals controlled 
by this register to be negated 
and the Clear bit to be reset 


to "0". 


Bit 0 Assert SCSI Reset Signal 
Setting this bit to "1" will cause the MSD95COO to assert 
the SCSI bus reset signal (SRST). 


Bit 1 Negate SCSI Reset Signal 
Setting this bit to "1" will cause the MSD95COO to negate 
the SCSI bus reset signal (SRST). 


Bit 2 Assert ATN Signal 
Setting this bit to "1" will cause the MSD95COO to assert 
the SCSI bus ATN signal (ATN). 


Bit 3 Negate ATN Signal 
Setting this bit to "1" will cause the SCSI chip to negate the 
SCSI bus ATN signal (ATN). 


Bit4 Clear 
Setting this bit to "1" will cause the chip to go into the Clear 
state and reset all of the internal counters, 
reset the latched 
status bits, reset the SCSI Master 
Interrupt 
Enable, 
reset 


the bits in the Command 
2 Register, disconnect 
from the 


SCSI bus and negate the SCSI control signals. Setting this 
bit to "0" will terminate 
the Clear state. After setting this bit 


to" 1", the Processor 
must wait a minimum of 1 fLsec before 
clearing it. 


Bit 5.(Re)Start 
When the MSD95COO is operating 
in the Initiator 
mode, 


writing a "1" to this bit will cause chip operation, 
that was 


interrupted 
by detection 
of a parity error on the SCSI data 


bus, to continue (this condition can only occur when the Halt 
On Parity Error bit in the Control register is set to "1"). Also, 
writing a "1" to this bit after the MSD95COO was halted by 
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I 


changing 
direction 
from out (the Initiator driving) 
to in (the 
Target driving) it will release the SCSI Data bus within a Data 
Release Time (400ns) of 1/0 being asserted. This condition 
can occur when the Target begins a Message 
In, Status or 
Data In phase. 


When the Target switches the SCSI Data Bus direction from 
in (the Target driVing) to out (the Initiator driving) it will release 
the SCSI Data bus within a Deskew delay (45ns) of negating 
1/0. This condition 
can occur 
when the Target begins 
a 
Message 
Out, Command 
or Data Out phase. 


Note that the Processor 
must delay at least 800ns 
after 
issuing a Set Phase type command 
before writing 
to the 
byte counter. The phase will be generated 
upon writing to 
the LSB of the Byte Count 
register. 
Phases 
must not be 
changed 
unless the FIFO is empty. 


Bit 1 Set Data In Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the 110 signal and negate the MSG and C/O signals. 


Bit 2 Set Command 
Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the CID signal and negate the 1/0 and MSG signals. 


Bit 3 Set Status Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the CID and 1/0 signals and negate the MSG signal. 


Bits 4 and 5 Reserved 
Must be set to "0" at all times. 


Bit 6 Set Message 
Out Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the CID and MSG signals and negate the 110 signal. 


Bit 7 Set Message 
In Phase 
Setting this bit to "1" will cause the MSD95COO to assert 
the CID, 1/0 and MSG signals. 


Set Data Out Phase Setting 
bits 0-7 to "0" will cause the 
SCSIC to negate the MSG, 1/0 and C/O signals. 


STATUS 2 REGISTER 
8-Bit Read Only (ADDRESS 
OBH) 


This 8 bit Read Only register contains information 
about the 


internal MSD95COO operation. 


Bit 0 Valid Selection 
This bit is set to "1" when the MSD95COO has been selected 
by another SCSI device. In order to be selected, the Enable 
Selection 
bit in the Control Register must be in the correct 
state. This bit is reset by reading the Status 2 register. 


Bit 1 Valid Reselection 
This 
bit is set to "1" 
when 
the 
MSD95COO 
has been 
reselected 
by 
another 
SCSI 
device. 
In order 
to 
be 
reselected, 
the 
Enable 
Reselection 
bit in the Control 
Register 
must be in the correct 
state. This bit is reset by 


reading the Status 2 register. 


Bit 2 Invalid (Re)Selection 
This bit is set to "1" when another SCSI device attempts to 
select or reselect the SCSIC and the corresponding 
enable 
bit in the Mode register is not in the correct state. This bit is 
reset by reading the Status 2 register. 


Bit 3 Successful 
(Re)Selection 
Complete 
This bit is set to "1" when the MSD95COO has successfully 
selected or reselected 
another SCSI device and that device 
has responded 
by asserting 
BSY. Also, this bit is set to "1" 


COMMAND 
2 REGISTER 
at the trailing edge of SEL when a device has selected 
or 
8-Bit Write Only (ADDRESS 
OAH) 
reselected this device. This bit is reset by reading the Status 
This Write Only register is used to initiate a new phase when 
2 register. 
the SCSIC is in Target mode. A hard or soft System Reset 
Bit 4 Unsuccessful 
(Re)Selection 
Complete 
or a Disconnect command will clear all the bits in this register 
This bit is set to "1" when the MSD95COO has attempted 
to 
to "0': When the Initiator detects that the SCSI Data Bus is 
select or reselect another SCSI device and that device has 
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SREQ going active when the byte counter was equal to "0" 
will cause the MSD95COO to respond with SACK. This will 
allow the Initiator to perform 
single byte transfers 
without 
loading the Byte Counter (data may be written to the buffer 
before or after writing 
to the Command 
register). 
This bit 
does not affect Target mode chip operation. 


Bit6 Select 
Setting this bit to "1" will cause the MSD95COO to initiate a 
Select operation, 
a Select with ATN asserted operation, 
an 
Arbitrate and Select operation, 
an Arbitrate and Select with 
ATN asserted 
operation 
or an Arbitrate 
and 
Reselect 
opration. The operation initiated depends on the state of the 
Target/Initiator 
and Arbitration 
Enable/Oisable 
bits in the 
Mode register 
and the Auto-ATN 
Assert 
bit in the Control 
register. 


Bit 7 Disconnect 
Setting 
this bit to "1" will cause 
the MSD95COO to stop 
driving all of the SCSI Data Bus and Control signals. 


STATUS 1 REGISTER 
8-Bit Read Only (ADDRESS 
OAH) 


This 8-bit Read Only register contains information about the 
internal MSD95COO operation. 


Bit 0 Selection 
Attempted 
This bit is set to "1" by the active and enabled state of either 
the Valid Select, Valid Reselect or Invalid (Re)Select 
status 
bits in the Status 2 register. It is reset by reading the Status 
2 register. 
Bit 1 (Re)Selection 
Complete 
This 
bit is set to "1" 
by the 
active 
state 
of either 
the 
Successful 
(Re)Selection 
Complete 
or Unsuccessful 


(Re)Selection 
Complete 
status bits in the Status 2 register. 


It is reset by reading the Status 2 register. 


Bit 2 Transfer Request 
This bit is set to "1" by the active state of either the Byte 
Available 
or Byte 
Requested 
status 
bits in the Status 
3 
register. It is reset by reading the Status 3 register. It will be 
set again after the Data Register is read if Byte Available or 
Byte Requested 
are still high. 


Bit 3 Transfer Complete 
Interrupt 
This bit is set to "1" when either the Transfer Done or SCSI 
Transfer Complete bits in the Status 3 register go active high. 
It is reset by reading the Status 3 register. 


Bit 4 Parity Error Interrupt 
This bit is set to "1" when the Parity Error bit in the Status 3 
register goes active high. It is reset by reading the Status 3 
register. 


Bit 5 System Parity Error 
This bit is set to "1" when the System Parity Error bit in the 
Status 3 register goes active high. It is reset by reading the 
Status 3 register. 


Bit 6 SCSI ATN or RESET Change 
This bit is set to "1" when either the SCSI ATN or RESET 
signal changes 
from the high to low or low to high state. It 
is reset by reading the Status 3 register. 


Bit 7 Condition 
Change 
This bit is set to "1" when either the (enabled) 
Bus Free 
Detected 
or Halted 
bits in the Status 4 register go active 
high. It is reset by reading the Status 4 register. 


not responded 
by asserting 
BSY within the programmed 


Selection 
Timeout 
Delay. This bit is reset by reading 
the 


Status 2 register. 


Bits 5 and 6 Reserved 


Bit 7 SCSI ATN 
This bit reflects the state of the ATN bit on the SCSI bus. It 
is active high when the ATN signal is asserted 
and active 


low when the ATN signal is deasserted. 


STATUS 3 REGISTER 
8-Bit Read Only (ADDRESS 
OCH) 


This 8 bit Read Only register contains information 
about the 


internal MSD95COO operation. 


Bit 0 Byte Requested 
This signal is active high whenever 
there is room for more 


requested 
data in the internal 
buffer when transferring 
to 


the SCSI Data bus. 


Bit 1 Byte Available 
This signal is active high whenever 
there is data from the 


SCSI 
Data 
bus in the internal 
buffer 
for transfer 
to the 


Processor 
or Ring Buffer RAM. 


Bit 2 Parity Error (PE) 
This bit is set to "1" if parity checking 
is enabled 
and the 


SCSI 
chip 
detects 
even 
(bad) 
parity 
on received 
data 


transfers 
over the SCSI data bus during any Information 


phase. It is reset by reading the Status 3 register. 


Bit 3 SCSI Transfer Complete 
(STC) 
This status signal is active high when the Byte Counter End 
Count condition 
is active high and the last byte has been 


transferred 
from the SCSI bus into the internal buffer when 


the chip is operating 
in Target mode during Message 
Out, 
Command or Data Out phases. In all other cases, this status 
signal will function the same as Transfer Done. 


Bit 4 Transfer Done (TD) 
This status signal is active high when the Byte Counter End 
Count condition 
is active high and the last byte has been 


transferred 
out of the internal buffer to the SCSI Data bus, 
the Processor 
port or the ring buffer DMA port. 


Bit 5 System Parity Error (SYPE) 
This bit is set to "1" when the MSD95COO detects even (bad) 
parity on the System 
Data Bus. It is reset by reading the 


Status 3 register. 


Bit 6 SCSI RESET 
This bit reflects the state of the RST bit on the SCSI bus. It 
is active high when the RST signal is asserted 
and active 


low when the RST signal is deasserted. 


Bit 7 SCSI ATN 
This bit reflects the state of the ATN bit on the SCSI bu~. It 
is active high when the ATN signal is asserted 
and active 


low when the ATN signal is deasserted. 


STATUS 4 REGISTER 
8-Bit Read Only (ADDRESS 
ODH) 


This 8 bit Read Only register contains information 
about the 


internal SCSIC operation. 


Bit 0-2 Encoded 
Phase 


These bits are reflections 
of the SCSI MSG, I/O, and C/D 


signals. They identify the SCSI Information Transfer Phase. 


Bit2 
Bit1 
BitO 
MSG 
C/D 
I/O 
INFORMATION 
PHASE 


0 
0 
0 
Data Out Phase 
0 
0 
1 
Data In Phase 
0 
1 
0 
Command 
Phase 
0 
1 
1 
Status Phase 
1 
0 
0 
Reserved 
1 
0 
1 
Reserved 
1 
1 
0 
Message 
Out Phase 
1 
1 
1 
Message 
In Phase 


Bit 3 Busfrpx 
This bit goes high four to five internal clock cycles after BSY 
and SEL are both continuously 
false. The bit remains high 


as long as the SCSI bus is free. 


Bit 4 Busfree (window) 
This bit goes high five to six intern'al clock cycles after BSY 
and SEL are both continuously 
false. The bit remains high 


three to four clock cycles after the bus is no longer free. 


Bit5 Halted 
This status bit can only be set when the chip is operating 
in 


Initiator mode. It is set by SREQ going active when the Byte 
Counter 
is "0': 
It can also be set when 
a parity 
error is 


detected on the SCSI data bus. This bit is reset by reading 
the Status 4 register. 


Bit 6 Bus Free Phase Detect 
This status signal is the output of the Bus Free detection 
circuit. It is latched active high when the Bus Free phase as 
specified 
in the SCSI specification 
is detected on the SCSI 


Bus. This bit is reset by reading the STATUS 4 register. 


DESTINATION 
ID REGISTER 
8-Bit Write Only (ADDRESS 
ODH) 


This 8-bit register Write Only is used to hold the value of the 
SCSI ID of the device that is to be Selected or Reselected. 


SCSI BUS ID REGISTER 
8-Bit Read Only (ADDRESS 
OEH) 
I 
This 8-bit Read Only register 
holds the ID that had been 


latched from the SCSI bus when an attempt was made to 
Select or Reselect this chip. This chip's SCSI ID is masked 
- 
off. 


SCSI ID REGISTER 
8-Bit Write Only (ADDRESS 
OEH) 


This 8-bit Write Only register is used to hold the value of the 
MSD95COO's SCSI ID. 


DATA IN REGISTER 
8-Bit Read Only (ADDRESS 
OFH) 


This 8-bit Read Only register is used by the Processor during 
programmed 
I/O or Processor 
port DMA transfers. 
It allows 


you to read data 
received 
from 
the SCSI 
bus which 
is 


presently 
in the internal buffer. 


DATA OUT REGISTER 
8-Bit Write Only (ADDRESS 
OFH) 


This 8 bit Write Only register is used by the Processor during 
programmed 
I/O or Processor port DMA transfers. The data 


loaded into this register 
is output to the SCSI bus via the 


internal buffer. 


NOTE: 
For an updated 
data sheet 
please 
fill out the reply card in 


the back of this catalog 
or call SMC at (516) 273-3100. 


STANDARD 
MICROSYSTEMS 


CORPORATIONA 
r,~,~~i(7"?t,&"'T":':~O~;7w: 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
appli- 


cations: consequently complete information sufficient tor construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However. no responsibility is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser of the semicon- 
ductor devices described any license under the patent rights of SMC or others. SMC reserves the right to 
make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION~ 
MSD95C02 


PRELIMINARY 


Storage j.1- Controller for Direct Access (Disk) or 


Serial Access (Tape) Devices - 
Sj.1nDAe™ 


APPLICATIONS 
SUPPORTED: 
o Embedded 
SCSI drives when used with companion 


MSD95COO SCSI Controller 
o Compatible 
with ESDI and SMD disk interfaces 
o Interfaces 
to 8051, Z8 and 80188 microprocessors 
o Supports 
3-Sector 
Prefetch for Unix® applications 
o Supports 
OIC-24 Tape: 
5 Mb/sec GCR data transfers 
Read-after-write 
o Controls 
Optical Disks with commonly 
available Error 


Correction 
IC's 


o Supports 
Floppy Disk 
o Modular design for easy adaption to special purpose 


applications 


FEATURES: 
024 
Mb/sec NRZ OR 12 Mb/sec RLL, MFM, FM Disk 


Data Transfers 


o Zero Latency read capability 
o Choice of ECC: 
Reed-Solomon 
ECC able to detect and correct a 


41 bit burst error or two randomly spaced 17 bit burst 
errors without miscorrection; 
CRC extension to 


detect miscorrection 
of errors beyond that range, OR 


32-bit 
IBM® compatible 
ECC 


o Register programmable 
data format via on-chip 


writeable 
microsequencer 
o 3-Channel 
internal double-speed 
64K (externally 


expandable) 
Ring Buffer DMA controller 
o Cache buffer management 
allows disk data transfers 


without processor 
intervention 


~~~57~555453525'~494847464544 


A15 
61 
43 
DREQ 


A14 
62 
42 
ACLK 
A13 
63 
41 
AGATE 


A 12 
64 
40 
CTL3 (WRFCLK) 


A11 
[ 
65 
39 
WGATE 


A10 
[ 
66 
38 
CTL4(AMEN) 


A9 
67 
37 
T5T4 
(INDEX) 


AS 
68 
36 
T5T3 
(ECCERA) 


A7 
1 
MSD 
95C02 
35 
TST2 (IBG) 


A6 
34 
) TST1 (AMFND) 


AS 
33 
WDATA 


A4 
4 
32 
J 
CTL2 (LATE) 
A3 
31 
CTL 1 (EARLY) 


A2 
30 
ADATA 


A1 
~I~ 


M 
28 
LPS 


A07 
27 
ALE (AS) 


10 11 1213 I':' 15 16 17 18 19 20 21 2223242526 


I 
o Supports 
transparent 
"on-the-fly" 
error correction 
o Low power CMOS with Standby Mode 
o Available 
in 68 pin PLCC 


o TTL compatible 
inputs and outputs 


GENERAL 
DESCRIPTION 


The 
MSD95C02 
is a high 
speed 
micro-programmable 
of up to 5 megabytes 
per second. 


data path controller. 
It incorporates 
a triple channel 
DMA 
The 
DMA 
CONTROLLER 
section 
of the 
MSD95C02 
CONTROLLER, 
a RAM based 
MICROSEOUENCER, 
a 
controls 
and arbitrates 
up to 64K of external 
Ring Buffer 
sophisticated 
ECC generator/checker 
circuit, an RLL2, 7/ 
memory 
built with standard 
off-the-shelf 
static RAM. The 
MFM/FM/GCR 
Encoder/Decoder 
and a Parallel/Serial 
shift 
Ring Buffer size can be easily expanded 
beyond 64K with 
register in one 68 pin plastic package. The MSD95C02 
can 
the addition of a few additional 
gates. Disk data transfers to 
be combined 
in a circuit with standard 
local processor 
and 
and from this cache buffer are managed by the MSD95C02's 
static RAM chips to build a very high performance 
multi- 
internal DMA CONTROLLER 
and are performed without the 
media controller 
incorporating 
SCSI, ESDI, SMD, ST-506, 
need for processor 
intervention. 
OIC 24, and FLOPPY 
disk interfaces. 
The 
RAM based 
External Device (e.g., SCSI bus) accesses to the Ring Buffer 
MICROSEOUENCER 
permits 
the user to build a mass 
are controlled 
via a DMA request/acknowledge 
handshake 
storage controller that conforms with any currently available 
and are completely 
asynchronous 
with respect to disk and 
data format. 
local processor transfers. This method of local buffer access 
The addition of an SMC MSD95COO SCSI CONTROLLER 
combined 
with a powerful 
Reed Solomon 
error correcting 
will provide a tightly coupled 2-chip set for high speed, high 
code and CRC extension 
designed 
to virtually 
eliminate 
performance 
SCSI and "embedded 
SCSI" applications with 
miscorrection, 
provides 
the user 
with 
on-the-fly 
error 
minimum component 
count and synchronous 
SCSI speeds 
correction 
with no loss of disk revolutions. 


IRECT 
DRIVE 
SCSI 
BUS 
RING BUFFER 


(64 K X 8 STATIC RAM) 


~ 7- 
D7·0 
A15·0 
DE 
WE 
DMAGENERAL 
PURPOSE 
OUTPUTS 


D67·0 
V 


DRIVE 


D67·0 
A15·0 
OE 
WE 
CNTL8-5 


~GENERALPURPOSE 
DMAR 
DMAR 
TST4·1 ~TESTINPUTS 


DMAA 
DMAA 
RCLK 


~: 
DATA 
I 
READ DATA 


MSD 95COO 
CLKO 
DMACLK 
RDATA 
SEPARATOR! 


SCSI 
t 
CONTROLLER 
RGATE 
READIWRITE 
WRITE 
GATE 
OR 
MSD 95C02 
WGATE 
HEAD 


EXTERNAL 
ELECTRONICS 


DEVICE 
DISK CONTROLLER 
WDATA H PRECOMPENSATION 
I WRITE 
DATA 
MOTOR 


A 
. 
LOGIC 
r 
CONTROL 
ALE, RD, WR, RST 'v-- 
ALE, RD, WR, RST 
EARLY 
t 
t 
.. 


(CTL1) 


LATE 
I 


INT - 
INT 
(CTL2) 


(CTL3) 
GENERAL 
PURPOSE 
OUTPUTS 
(CTL4) 


. 


AD7·0 
CE 


- 


LPS 
SNS4·1 \r- 
DRIVE STATUS 
CE 
AD7-0 


t 
t 
'- 
I 
IDECODEI 
•.. 
==== 
r 
'" 


UPPER 
ALE 
INT 
AD7·0 
GENERAL 
PURPOSE 
GENERAL 
PURPOSE 


ORDER 
RD 
INPUTS 
OUTPUTS 
ADDR. 
WR 
6US 
RST 
LOCAL PROCESSOR 


WGATE 
WRITE 
GATE 
~ 
NRZWDATA 
+ 
WDATA 


.2 


NRZWDATA 
- 


•... 


NRZ 
WRITE 
CLOCK 
+ 


RCLK--c 
NRZ 
WRITE 
CLOCK 
- 


NRZ 
READ/REF 
CLK + 


NRZ 
READ/REF 
CLK 
- 


A 
NRZ 
READ 
DATA + 
RDATA 
,I 
NRZ 
READ 
DATA 
- 


MSD 95C02 
RGATE 
READ 
GATE 


TST4 
INDEX 


TST1 
ADDR. 
MARK 
FOUND 


SNS2 
ATTENTION 


SNS3 
COMMAND 
COMPLETE 


SNS4 
READY 


CTL4 
ADDR. 
MARK 
ENABLE 


GENERAL 
~ 
PURPOSE 
DRIVE/HEAD 
SELECT 


OUTPUTS 
-V 


LOCAL 
PROCESSOR 


GENERAL l/l 
PURPOSE 
SERIAL 
COMMAND/STATUS 
INPUTS 
N 
I 


The MSD95C02 
is built from a set of high level, function 
the 
ring 
buffer 
during 
local 
processor 
updates 
to 
specific 
SuperCells'· 
that can be connected 
together 
in 
the MSD95COO 
and 
MSD95C02 
devices. 
Ring 
buffer 
such a way as to adapt themselves 
to a special 
purpose 
arbitration 
is controlled 
by 
the 
on-chip 
triple 
channel 


customer 
requirement. 
The first set of SuperCelis ,. has 
DMA CONTROLLER 
which arbitrates 
ring buffer accesses 
been chosen to optimize the device for "EMBEDDED 
SCSI" 
to and from the media, SCSI channel and local processor. 
and ESDI controller 
applications. 
Figure 
1 illustrates 
the 
Local processor 
accesses 
to the ring buffer are possible 
MSD95C02 
used with its companion 
MSD95COO SCSI chip 
through directly addressable 
registers in the MSD95C02's 
to form an "EMBEDDED 
SCSI" system. Figure 2 illustrates 
DMA block. 


the MSD95C02 
used as an ESDI controller. 
The MSD95C02 
contains 
several general 
purpose 
inpuV 


As can 
be seen 
from 
the system 
block 
diagrams, 
the 
output 
pins which 
can be used to control 
and monitor 
interface to the external static RAM ring buffer requires no 
external events. In addition, there are four general purpose 
external circuitry. 
In an "EMBEDDED 
SCSI" environment, 
test inputs and four latched sense inputs that may be used 
there are two external data buses used; one to permit data 
directly by the MICROSEQUENCER 
to perform conditional 


flow between 
the MSD95COO SCSI controller 
and the ring 
jumps. 


buffer 
and another 
data bus to permit local processor 
to 
The sense 
inputs, 
test inputs 
and control 
outputs 
of the 
MSD95COO SCSIC 
and MSD95C02 
exchanges. 
The two 
MSD95C02 
are used to efficiently 
handle ESDI drives with 
data buses allow for uninterrupted 
data flow in and out of 
serial data rates up to 24 MHz. 


SuperCell'· is a trademark of Standard Microsystems Corporation. 
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PINOUT DESCRIPTION 
RING BUFFER INTERFACE (Refer to Figures 3 and 4 for ring buffer timing): 


PIN NO. 
SIGNAL 
NAME 
I/O 
DESCRIPTION 


53-60 
DB7-0 
I/O 
Data Bus. Bi-directional 
data bus to the external ring buffer RAM. This bus is 


automatically 
put into a high impedance 
state during valid External 
Device 
DMAcycies. 


61-68,1-8 
A15-0 
0 
Address Bus. These outputs are used to address the external 
ring 
buffer RAM. 


50 
OE 
0 
Output Enable. This active low output strobes the ring buffer RAM's data 
bus output drivers. 


51 
WE 
0 
Write Enable. Strobe. This active low output strobes write data from the data 
bus into the ring buffer RAM. 


49 
DMACLK 
I 
DMA Clock. This 20 MHz (maximum) 
input is used by the MSD95C02 
to 


generate 
DMA cycles. 


43 
DREQ 
I 
DMA Request. This input is driven active low by an External 
Device to 
request a DMA cycle. 


44 
DACK 
0 
DMA Acknowledge. 
This output is driven active low by the MSD95C02 
in 
response to DREQ. During data transfer from the ring buffer to the External 
Device, the rising edge of this signal is used to strobe data into the External 
Device. During data transfer from the external device to the ring buffer, a low 
will enable data transfer from the External Device. 


45 
CTL5 (ST1) 
0 
Control 5. 
46 
CTL6 (STO) 
0 
Control 6. Depending 
on the programming 
of the MODE 1 Register, these 
bits can either reflect the data written to bits 4 and 5 of the Local Processor 
Output Register or they can be outputs that indicate the type MSD95C02 
DMA controller 
cycle in progress: 


ST1 
STO 
CYCLE 


0 
0 
EXTERNAL 
DEVICE 
0 
1 
LOCAL PROCESSOR 
1 
0 
MICROSEQUENCER 
(DISK) 
1 
1 
RESERVED 


47 
CTL7 (WRITE) 
0 
Control 7. Depending 
on the programming 
of the MODE 1 Register, this bit 


can either reflect the data written to bit 6 of the Local Processor 
Output 


Register or this bit can be an output signal indicating 
to the ring buffer that a 


WRITE or READ cycle is about to start. This output is low during a write 
cycle and high during a read cycle. CTL 7,6, and 5, when programmed 
as 
WRITE, STO, ST1, can be used for interfacing 
to an external ECC chip. 


48 
CTL8 (DGATE) 
0 
Control 8. Depending 
on the programming 
of the MODE 1 Register, this bit 


can reflect the data written to bit 7 of the Local Processor 
Output Register. It 


may also be used as an output of the MICROSEQUENCER 
to be used as a 
"data valid" signal to indicate when data is being transferred 
on the DB7-0 
bus for interface with an external ECC chip. 
I 


PIN NO. 
SIGNAL 
NAME 
I/O 
DESCRIPTION 


30 
RDATA 
I 
Read Data. This signal is the/serial data from the disk or tape drive. It 
may be encoded as RLL2, 7, MFM, FM, GCR, or NRZ as selected 
in 
MODE Register bits 2-0. 


41 
RGATE 
0 
Read Gate. This output is typically 
used to enable the data separator 
to 


begin locking to data. Normally, it becomes 
active during the PLO sync 


field. This signal is controllable 
via microcode 
to allow specific 
read data 


search algorithms 
and conformance 
to unique drive formats. 


42 
RCLK 
I 
Read Clock (Read/Reference 
Clock). This input clock is used to frame 
the encoded 
RDATA bit stream from the drive. For NRZ input data, the 


Read/Reference 
Clock signal provides the timing necessary 
to 
synchronize 
the serial data transfer between the drive and the 
MSD95C02. 
RCLK is divided internal to the MSD95C02 
and is used to 
run the MICROSEQUENCER. 
It is therefore 
necessary 
to continually 


provide a glitch-free 
clock into this input at all times. 


33 
WDATA 
0 
Write Data. This output is the serial NRZ, FM, MFM, GCR or RLL data 
being written to the drive. 


39 
WGATE 
0 
Write Gate. This output is controlled 
by the microsequencer 
and is 
active when the MSD95C02 
is writing data to the drive. 


------.-- 
.. .J r_-~-----r_-.------ 
...J- 


32 
CTL2(LATE) 
0 
Control 2. Depending 
on the programming 
of the MODE 3 Register, this 


bit either reflects the data written to bit 1 of the Local Processor 
Output 


Register or indicates that the current disk Write Data bit should be 
externally 
precompensated 
late. 


40 
CTL3 (WRFCLK) 
1/0 
Control 3. Depending 
on the programming 
of the MODE 3 Register, this 


bit either reflects the data written to bit 2 of the Local Processor 
Output 


Register or acts as a tape write reference clock input. In tape 
applications 
that require read after write capability, this pin must be 


programmed 
as an input (WRFCLK). 


38 
CTL4(AMEN) 
0 
Control 4. Depending 
on the programming 
of the MODE 2 Register, this 


bit either reflects the data written to bit 3 of the Local Processor 
Output 


Register or acts as a MICROSEQUENCER 
output which may be used 


to write an Address Mark (WGATE active) or search for an address 
mark 


(WGATE, RGATE inactive) in ESDI drive applications. 


19 
SNS4 (READY) 
I 
Sense Input 4. The MSD95C02 
can be programmed 
to generate 
any 


level change interrupt from this pin. This input may be used to sense 
READY status from the drive. 


20 
SNS3 (CMDDN) 
I 
Sense Input 3. The MSD95C02 
can be programmed 
to generate 
a 


high-to-Iow 
level change interrupt from this pin. This input may be used 


to indicate a Command 
Complete 
status when using ESDI drives. 


21 
SNS2 (ATTNIWFLT) 
I 
Sense Input 2. The MSD95C02 
can be programmed 
to generate 
a 


high-to-Iow 
level change interrupt from this pin. This input may be used 


to sense ATTENTION 
status from an ESDI drive or a WRITE 
FAULT 


status from an ST-506 drive. 


22 
SNS1 (LDPT) 
I 
Sense Input 1. The MSD95C02 
can be programmed 
to generate 
a 


high-to-Iow 
level change interrupt from this pin. This input may be used 


to sense load point status for tape applications. 


37 
TST4 (INDEX) 
I 
Test Input 4. This input is used by the MICROSEQUENCER 
for 


conditional 
branching. 
Typically, the INDEX pulse from the drive is 


connected 
to this pin. 


36 
TST3 (ECCERR) 
I 
Test Input 3. This input is used by the MICROSEQUENCER 
for 


conditional 
branching. 
When used with an external 
ECC chip, this input 


may be used to indicate an ECC error. 


35 
TST2(IBG) 
I 
Test Input 2. This input is used by the MICROSEQUENCER 
for 


conditional 
branching. 
An external signal indicating 
interblock 
gap for 


tape applications 
may be connected 
to this pin. 


34 
TST1 (AMFND) 
I 
Test Input 1. This input is used by the MICROSEQUENCER 
for 
conditional 
branching. 
Typically, an ESDI address mark found signal is 


connected 
this pin. 


PIN NO. 
SIGNAL 
NAME 
1/0 
DESCRIPTION 


9-12, 
AD7-0 
1/0 
AddresslData 
Bus. Multiplexed 
bi-directional 
addressldata 
bus to local 
14-17 
processor. 


27 
ALE (AS) 
I 
Address Latch Enable (Address Strobe). This signal is active when an 
address is valid on the AD7-0 bus. The local processor 
reads the 
MSD95C02 
RESET Register address either following 
a hard or prior to a 


soft reset to automatically 
configure the MSD95C02 
to expect ALE or AS at 


this input. 


29 
INT 
0 
Interrupt. This open collector output is driven low when the MSD95C02 
detects an enabled interrupt. This pin has an internal MOSFET 
which 


functions 
as a pull-up. 


26 
RD(DS) 
I 
Read Strobe (Data Strobe). When the MSD95C02 
is configured 
for ALE, 


this active low strobe is used to enable read data from the MSD95C02 
onto 


the AD7-0 bus. When the MSD95C02 
is configured 
for AS, this active low 


signal is used to strobe data into or out of the MSD95C02. 


25 
WR(RIW) 
I 
Write Strobe (ReadlWrite). 
When the MSD95C02 
is configured 
for ALE, this 


active low strobe is used to latch write data from the AD7-0 bus into the 
MSD95C02. 
When the MSD95C02 
is configured 
for AS, the RiW input is 


used to qualify DS for a read or write cycle. 


PIN NO. 
SIGNAL 
NAME 
I/O 
DESCRIPTION 


24 
CE 
I 
Chip Enable. This input signal is used to qualify the RD and WR strobes for 
all accesses 
on the AD7-0 bus. This signal must be valid throughout 
the 
memory cycle. 


28 
LPS 
I 
Low Power Standby. A low level applied to this input signifies that the system 
is requesting 
the low power standby mode. 


23 
RST 
I 
Reset. A low level at this input will cause the MSD95C02 
to be reset (hard 
reset) to a known state. Reset will cause the following 
I/O pins to be forced 
to the states indicated: 


DB7-0 
Input 
OE 
Inactive High 
WE 
Inactive High 
DACK 
Inactive High 
RGATE 
Inactive Low 
WGATE 
Inactive Low 
AD7-0 
Input 
INT 
Inactive High 
CTL 1 (EARLY) 
Inactive Low 
CTL2 (LATE) 
Inactive Low 
CTL3 (WRFCLK) 
Input 
CTL4(AMEN) 
Inactive Low 


18 
VCC 
P 
Power connection 


13 
GND1 
P 
Ground connection 


52 
GND2 
P 
Ground connection 


OVERVIEW 
OF MSD95C02 
REGISTERS 


Figure 
5 shows 
the MSD95C02 
address 
map. The 256 


locations are internally decoded from the lower 8 bits of the 
address bus. Valid decode space exists from address 40H 
to FFH as shown. Address 
OOHto 2FH is not decoded 
by 


the MSD95C02 
and can be used as register space for the 


External Device. The MSD95COO SCSIC uses address OOH 
to 
OFH for 
its 
internal 
register 
space, 
allowing 
the 


MSD95COO and the MSD95C02 
to share the same chip 


select 
decoded 
from the upper address 
bits of the local 


processor's 
address bus. 


The MSD95C02 
address 
space 
accessible 
to the local 


processor 
can be broken into four sections as follows: 


microcode 
used by the MICROSEQUENCER. 
Internally, 


these bytes are arranged 
as 32 locations 
by 32 bits wide. 


Local processor 
address 
80H corresponds 
to the least 


significant 
byte (D7-0) of word zero of the microcode 
RAM. 


This address 
space should 
not be accessed 
by the local 


processor 
while a microprogram 
is running. 


OOOH- 


I 


01FH- 


020H- 


I 


02FH- 
030H- 


I 


03FH- 
040H- 


I 


05FH- 
060H- 


I 


06FH- 
070H- 
I 


07FH- 


080H- 


I 
I 
I 


OFFH- 


32 EXTERNAL (SCSI) DEVICE 
LOCATIONS 


FREE ADDRESS SPACE 


MSD95C02 REGISTERS (reserved 


for future expansion) 


MSD95C02 REGISTERS 


(16) MSD95C02 DESIRED 
REGISTER FILE 


(16) MSD95C02 CURRENT 
REGISTER.,FILE 


MSD95C02 MICROCODE 
I 
ADDRESS 
40H-5FH 


This 
address 
space 
contains 
the MSD95C02 
working 


registers 
which 
include 
mode 
registers, 
setup 
registers, 
interrupt 
enable 
registers, 
status 
registers, 
and 
DMA 


parameter 
registers. 


ADDRESS 
60H-6FH 


This address space contains an on-chip 16 byte register file 
referred to as the DESIRED 
REGISTER 
FILE. It is shared 


by the local processor 
and the MICROSEQUENCER 
and 


is typically 
loaded 
by the local processor 
and internally 


compared 
with data from the disk. Local processor 
access 


to 
this 
address 
space 
should 
only 
occur 
when 
the 


MICROSEQUENCER 
is not running. 


ADDRESS 
70H-tFH 


This address 
space contains 
an on chip, 16 byte, register 


file referred 
to as the CURRENT 
REGISTER 
FILE. It is 


shared by the local processor and the MICROSEQUENCER 
and 
is typically 
loaded 
with 
data 
from 
the 
disk 
for 
Figure 
6 
shows 
the 
internal 
block 
diagram 
of 
the 
examination 
later by the local processor. 
Local processor 
MSD95C02. 
The data flow through the chip occurs on the 
access to this address space is only allowed during certain 
INBUS and the OUTBUS. 
The OUTBUS 
connects 
all data 
MICROSEQUENCER 
initiated 
interrupts 
to the 
local 
coming 
from the ring buffer 
to the drive and the INBUS 
processor. 
connects 
~II data from the drive to the ring buffer. There are 


six blocks that make up the MSD95C02 
disk controller 
as 
ADDRESS 
80H-FFH 
shown in the block diagram. 
Each block will be described 
This 
address 
space 
contains 
the 
128 bytes of loadable 
in detail in the following 
sections. 
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OMACLK 


DMAR 


DMAA 


"Tl 
i5c: 
:D 
m 
en 
s: 
enc 
ID 
<n" 
0 
N 


C3 
Z~ 
0 
m 
:Dz~r- 
mr-0"" 
C 


lST4-1 


:; 
C) 
:D 
CTL4 


~s: 


SNS4·1 


CPS 


RST 
] 


TO 
ALL 
BLOCKS 


I 
I 
I 
I 
I 
I 
I 
I 
I 
It---- 
I 
I 
I 
I 
,------- 
ENCODER 
DECODER 
BLOCK 


CTL3 
(WRFCLK) 


CTl2 
(LATE) 


Cll! 
(EARLY) 


WRITE 
REGISTERS 


D7 
D6 
D5 
D4 
D3 
D2 
D1 


I 
(RESERVED) 


D0 


I 


READ REGISTERS 


D7 
D6 
D5 
D4 
D3 
D2 
D1 


40H 
I 
(RESERVED) 


D0 


I 
RESET 


MODE 1 
(RESERVED) 
41H 
(RESERVED) 


MODE2 
42H 
(RESERVED) 


MODE3 
(RESERVED) 
43H 
(RESERVED) 


MODE4 
44H 
(RESERVED) 


MODE5 
(RESERVED) 
45H 
(RESERVED) 


SYNC 1 
SYNC DATA 
46H 
(RESERVED) 


SYNC 2 
SYNC DATA 
47H 
(RESERVED) 


SYNC 3 
SYNC DATA 
48H 
(RESERVED) 
I 
SYNC4 
I 
SYNC DATA 
49H 
(RESERVED) 


TAPE HIGHI 
UNUSED 
TAPE BYTE 
4AH 
(RESERVED) 
BYTE 
COUNTER 


TAPE LOW I 
TAPE BYTE COUNTER 
I 
4BH 
(RESERVED) 
BYTE 


•.•.C 


4CH 
(RESERVED) 
OUTPUT 


INT~ 
(RESERVED) 
14DH~ 
(RESERVED) 
I 
INT 
ENABLE 
1 
MAS 
oMA 
SERVED 
DONE 
ENABLE 
1 


INT 
4EH 
ENABLE 2 


INT 
4FH 
INT 
ENABLE 3 
ENABLE 3 
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FU~~ttONI 
FCTN 
I SOURCE 
I 
DEST 
I SOH I 


M~II~~X 
I DMA 
ADDR 
RAM 
DATA 
(MSB'S) 
I S1H I DMA 
ADDR 
RAM 
DATA 
(MSB'S) 
I M~II~~X 


M1~~OX 
I DMA 
ADDR 
RAM 
DATA 
(LSB'S) 
I S2H I DMA 
ADDR 
RAM 
DATA 
(LSB'S) 
I M1~~OX 


___ 
R_IN_G_-_B_U_FF_E_R_D_A_J_A 
__ 
I S3H I__ 
R_I_N_G_-B_U_F_F_ER_D_AT_A 
__ 
I 
DATA 


____ 
(R_E_S_E_RV_E_D_) 
ISSH 
STATUS 1 
(DMA) 


____ 
(_R_ES_E_R_V_E_D_) 
IS6H 
~ 
(RESERVED) 
I S(Tf'Jg~)2 


____ 
(_R_ES_E_R_V_E_D_) 
IS7H B 
(RESERVED) IPROGRAM 
COUNTER 
I(~~U~~) 


STATUS 4 
(SNSCHG) 


____ 
(R_E_S_E_R_V_E_D_) 
IS9H 
I 
(R_E_S_E_R_VE_D_) 
_ 


____ 
(R_E_S_E_R_V_E_D_) 
ISAH 
1 
(R_E_S_E_R_VE_D_) 
_ 


____ 
(R_E_S_E_RV_E_D_) 
ISBH 
I 
(R_E_S_E_R_VE_D_) 
_ 


I SOH I 
(RESERVED) 


ISEH I 
(RESERVED) 


ISFH 
I 
(RESERVED) 
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RING BUFFER 
TIMING 
AND 
CONTROL 
LOGIC 


OFFSET 
REGISTER 


AUX 
OFFSET 
REGISTER 


DESCRIPTION 
OF INDIVIDUAL 
BLOCKS 
COUNTER 
since there is a relationship 
between the value 


in the OFFSET COUNTER 
and the amount of available free 
DMA CONTROLLER 
space there is in the buffer and available error free data there 
The three channel 
DMA controller 
is composed 
of a 6 X 16 
is to transfer 
out 
on the 
External 
channel. 
The 
local 
bit register 
file, two OFFSET 
COUNTERS 
for monitoring 
processor channel might be required to perform read modify 
ring buffer full/empty 
status, a DMA FUNCTION 
Register 
write routines during error correction 
operations. 
to indirectly 
address 
the register 
file, a ring buffer 
DATA 
Local Processor 
channel operation: 


Register, and ALU to perform 
incrementing 
(by 1, 2, 3 or 4) 


and in addition, a 16 bit mailbox register, state controller and 
The local Processor 
can specify the address 
operation 
to 
DMA request priority resolver. 
be performed 
during 
its channel 
access 
via the 
DMA 
Channel access to the ring buffer comes from three sources. 
FUNCTION 
Register which is a write only local processor 
The MICROSEQUENCER 
requests 
are initiated 
by the 
addressed 
register 
(assigned 
address 
50HEX). 
This 
DISK INTERFACE 
block for every byte transferred 
to/from 
function 
register 
permits 
the loading of all registers 
in the 
the MICROSEQUENCER 
and is given top priority. Local 
register 
file which 
are not directly 
addressable 
from the 
processor 
accesses 
to the ring buffer are initiated by direct 
external local processor. 
operation of the local processor on the addressable registers 
The Local Processor 
can directly 
access four registers 
in 
within 
the 
DMA controller. 
The 
local processor 
is given 
the DMA controller. They are: 


second 
priority. 
External 
Device 
access 
(like SCSI) 
is 
DMA FUNCTION 
Register (write only) address 50H 


initiated via a DMA request-acknowledge 
handshake 
and 
MAILBOX 
HIGH Register (read/write) 
address 51 H 


is given third priority. 
MAILBOX 
LOW Register (read/write) 
address 52H 


ALU and Register function: 
DATA Register (read/write) 
address 53H 


For each DMA channel, 
specific register manipulations 
are 
The local processor can indirectly access 6 additional 
16 bit 
possible 
depending 
upon the operation 
required. 
Each 
registers that make up the DMA register file. These registers 
channel 
will have different 
requirements 
on the way the 
are accessed 
by using the DMA FUNCTION 
Register. An 
address to the ring buffer is updated. 
For instance, 
during 
example of their use is illustrated 
as follows: 


disk read operations, 
the channel 
must ensure 
that the 


starting address for a sector transfer is not updated until the 
CONSTANT 
1-Normally 
used to hold the sector size and 
data transferred into the ring buffer is known to be error free. 
in calculating 
address updates and ring buffer status flags. 


The External 
Device, during a read operation 
from the ring 
CONSTANT 
2-Normally 
used to hold a number that is a 
buffer, must cause the address to be incremented 
for each 
function 
of the Ring Buffer size for generating 
Ring Buffer 
byte 
transferred. 
It must 
also 
update 
the 
OFFSET 
empty/full 
status. 
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LOCAL 
PROCESSOR 
ADDRESS 
Register-Holds 
the 
current 
address 
of a local processor 
to ring buffer 
data 
transfer. 
EXTERNAL 
DEVICE 
ADDRESS 
Register-Holds 
the 
current 
address 
of an External 
Device to ring buffer data 
transfer. 
DISK Register-Maintains 
the address of the first location 
of a MICROSEQUENCER 
initiated disk transfer until data 
integrity is established. 


DISK ADDRESS 
Register-Holds 
the current address of 


a MICROSEQUENCER 
initiated 
disk 
ring buffer 
data 


transfer. 
Refer to Appendix 
2 for a description 
of how these registers 
are set up for particular 
DMA operations. 


DMA FUNCTION 
Register: 


BITS 
D7-D6. 
These 
bits 
specify 
the 
operation 
to be 
performed on the contents of a register in the internal register 
file: 


D7 D6 
FUNCTION 


0 
0 
SOURCE 
+ OFFSET 
COUNTER--> 
DESTINATION 
(Note 1) 


0 
1 
SOURCE 
+ N--> DESTINATION; 
DECREMENT 
OFFSET 
COUNTER 
1 
0 
SOURCE 
--> DESTINATION 


1 
1 
SOURCE 
+ N --> DESTINATION 


N = 1 for disk and local processor 
data transfers 


N specified by MODE 1 Register for External channel (SCSI) 
data transfers 


Notes: 


1. For this case, the only destinations 
that can be updated 


are the OFFSET 
COUNTER 
and the MAILBOX. 
All other 


destinations 
will cause the OVERFLOW 
flag to be updated 


as a function of the result out of the ALU, but will not update 
the destination. 


2. 
When 
the 
controller 
changes 
the 
contents 
of 
the 
OFFSET 
and AUXILIARY 
OFFSET 
COUNTERS, 
it must 


set or clear the zero bit via the START COMMAND 
Register 


bits 4and 
3. 


3. The OFFSET 
COUNTER 
cannot be used as a source. If 
it is used as a source, it will take on the value of zero. During 
error correction, 
it becomes 
necessary 
to use the OFFSET 


COUNTER 
as a source. See appendix 
3 for a description 


of ERROR CORRECTION 
ON THE FLY for more detail. 


Disk Channel 
Access Operation: 


Disk 
requests 
for 
data 
transfer 
are 
initiated 
by the 


MSD95C02's 
internal 
MICROSEQUENCER. 
For normal 


data transfer 
between 
the disk and the ring buffer, 
the 


MICROSEQUENCER 
causes the DISK ADDRESS 
in the 


DMA block to be incremented 
by one between 
ring buffer 


access cycles. 


In addition, 
the MICROSEQUENCER 
may perform 
some 


housekeeping 
functions at each sector boundary if required. 


These 
housekeeping 
functions 
may include 
updating 
the 


OFFSET 
COUNTER, 
determining 
buffer full/empty 
status, 


etc. 


In order to specify one of many housekeeping 
calculations, 


the MSD95C02's 
internal 
MICROSEQUENCER 
has the 


ability 
to specify 
the operation 
by loading 
a DISK 
DMA 


FUNCTION 
Register 
(different 
from the local processor 


addressable 
DMA FUNCTION 
Register). The bit definitions 


of this register are identical to the DMA FUNCTION Register 
as defined in Tables 1 and 2. The MICROSEQUENCER 
can 


load the DISK DMA FUNCTION 
Register by transferring 
a 


value previously 
stored in the DESIRED 
REGISTER 
FILE 


to the DMA block. 


EXTERNAL 
DEVICE 
CHANNEL 
ACCESS 
OPERATION: 


Upon an external 
DMA request, 
this channel 
w~1perform 


one hardwired 
function 
consisting 
of proper adjustment 
of 


the current ring buffer address as well as decrementing 
the 


OFFSET COUNTERs 
for current handling of ring buffer full/ 


empty situations. 
The MSD95C02 
can buffer a maximum 


of 12 DMA requests 
before 
issuing 
an acknowledgment 


without 
causing 
an overrun/underrun 
condition. 
The 


MSD95C02 
uses the leading edge of DMA Request to post 


the 
EXTERNAL 
channel 
access. 
This 
permits 
the 


MSD95C02 to work with several REQ-ACK timing situations. 


For External 
Device DMA operations, 
the DMA hardwired 


function performed 
is: 


EXTERNAL 
DEVICE 
ADDRESS 
+ N --> EXTERNAL 


DEVICE ADDRESS. 


N is used to permit various 
data bus widths 
between 
the 


ring buffer and the External 
Device as shown in table 3. 


N 
DATA BUS WIDTH 


1 
BBITS 
2 
16BITS 
3 
24 BITS 
4 
32 BITS 


TABLE 
3: EXTERNAL 
DEVICE 
BUS 
WIDTHS 
AS A 


FUNCTION 
OF N 


The value N is programmed by the Local Processor in MODE 
1 Register, bits 5 and 4. 


OFFSET 
COUNTER: 


The 
OFFSET 
COUNTER 
is 
part 
of 
the 
automatic 


housekeeping function of the DMA block and is used to keep 
track of buffer empty/full 
conditions. 


During External 
Device to Ring Buffer to Disk operations 


(WRITE the disk), the OFFSET 
COUNTER 
keeps track of 


the number of free bytes left in the buffer. Whenever the Ring 
buffer size minus the OFFSET 
COUNTER 
is less than the 


sector size (indicating that there is less than a sector's worth 
of data in the ring buffer), the disk WRITE is temporarily held 
off. The throttling 
of the Disk DMA channel as a function of 


buffer 
space 
status 
is done 
automatically 
by the DMA 


controller 
without local processor 
intervention. 


During Disk to Ring Buffer to External 
Device (READ the 
TABLE 2: DMA FUNCTION 
REGISTER 
SOURCE/DEST 
disk) operations, 
the OFFSET 
COUNTER 
keeps track of 
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BITS D5-D3. Source register file Address 
BITS D2-DO. Destination 
register file Address 


These 
bits select 
the register 
file address 
location(s) 


accessed 
by the operation 
specified 
by bits D7 and D6. 


D5 D4 D3 
D2 D1 DO 
REGISTER 
SELECTED 


0 
0 
0 
MAILBOX 
HIGH, LOW 


0 
0 
1 
OFFSET 
COUNTER 


0 
1 
0 
CONSTANT 
1 


0 
1 
1 
CONSTANT 
2 


1 
0 
0 
LOCAL PROCESSOR 
ADDRESS 


1 
0 
1 
EXTERNAL 
DEVICE 
ADDRESS 


1 
1 
0 
DISK REGISTER 
1 
1 
1 
DISK ADDRESS 


the total data bytes left in the buffer. Whenever the Ring 
ECC ON THE FLY: 


Buffer size minus the OFFSET COUNTER is lessthan the 
The three channel DMA arrangementprovidesthe userwith 
sector size (indicating that there is not enough room in the 
the ability to perform error correction on the fly without loss 


buffer to accept another sector), the disk READ is 
of a disk revolution. In general, upon disk read operations, 


temporarily held off.The throttling of the Disk DMAchannel 
one sector may betransferred from the Ring Bufferoverthe 
as a function of buffer space status is done automatically 
EXTERNALchannel,one sector may be operatedon bythe 
by the DMA controller without local processor intervention. 
Localprocessorfor errorcorrection,and the thirdsector may 


Decisions by the MICROSEQUENCER regarding buffer 
be readfrom the disk and written intothe Ring Buffer.Refer 


empty/full status are made by interrogating the ZOFF flag 
to Appendix 4 for further description of ECC on the fly. 


~~e~~~e~~.nALU operation loads a zero into the OFFSET 
MICROSEQUENCER 


AUXILIARY OFFSET COUNTER operation: 
As shown in Figure 8, the MICROSEQUENCER consists 
The AUXILIARY 
OFFSET COUNTER is loaded and 
of a 32 X 32 microcode RAM, a 7 bit loop counter, a one 
modified along with the OFFSET COUNTER. It is required 
address STACK, a sophisticated next address generator 
b 
d 
f 
d f 
and two 16 byte register files. During next address 
ecause ata trans erre 
rom the disk intothe Ring Buffer 
generation, the Program Counter can be loaded from the 


might contain errors. Because of this, the AUXILIARY 
STACK,fromthe ADDRESS FIELDoutputbythe microcode 
OFFSET COUNTER might be different from the OFFSET 
COUNTER and is used to control the flow of data between 
RAM (ADDR 4-0), or from the current or incrementedvalue 
the External Device and the Ring Buffer. During External 
in the Program Counter. 


Device to Ring Buffer transfers, the AUXILIARY OFFSET 
The Local Processor can initiate Command execution (eg. 


COUNTER keeps track of the number of free bytes left in 
a Read Command) by writing to the COMMAND START 
the buffer. During Ring Buffer to External Device transfers, 
Register (ADDR 54 HEX). The MSD95C02 will then begin 
the AUXILIARY OFFSET COUNTER keeps track of the 
executionat address zero inthe microcode RAM. Fromthis 


number of error free data bytes left in the buffer. 
time until the command terminates, 
program flow is 
The OFFSET and AUXILIARY OFFSET COUNTERS are 
dependent on which of the several sources are specified 
linkedtogether until an error is detected on data read from 
when the Program Counter is loaded. Selection of the next 
the disk. When this occurs, only the OFFSET COUNTER 
address is dependent on the Sequence control field (SEQ 
is incremented as new data is transferred from the disk to 
2-0), and internal and external test points which are input 


the Ring Buffer. The AUXILIARY OFFSET COUNTER is 
to the Next Address Control PLA. Test points are chosen 
not incremented until the error is corrected. Both counters 
via the Test field (TEST 3-0) for interrogation and program 
are decremented when data is transferred from the Ring 
flow of the MICROSEQUENCER. 


Bufferto the External Device. Ifthe error iscorrected before 
Contained within the MICROSEQUENCER block are two, 


the AUXILIARY OFFSET COUNTER is decremented to 
16 byte register files named DESIRED and CURRENT 
zero, then the two counters are linked back together by 
REGISTER FILEs. In general, the MICROSEQUENCER 
transferring the contents of the OFFSET COUNTER into 
reads the DESIRED REGISTER FILE and writes the 


the AUXILIARYOFFSET COUNTERin responseto a DMA 
CURRENT REGISTERFILE.The LocalProcessorcan read 
FUNCTIONRegistercommand. Ifthe AUXILIARYOFFSET 
or write either registerfile. Local Processoraccessto these 
COUNTER is decremented to zero before the error is 
register files are restricted and controlled by interrupts 


corrected,the MSD95C02will not respondto DMArequests 
generated 
by the MICROSEQUENCER 
to the Local 
from the external device until the AUXILIARY OFFSET 
Processor. This limited access is required to resolve the 
COUNTER and OFFSET COUNTER are linked back 
access contentions to these register files by both the Local 
together. See Appendix 4 for a further description of the 
Processor and the MICROSEQUENCER. 


OFFSET and AUXILIARY OFFSET COUNTERs during 
In addition to the DESIRED and CURRENT REGISTER 
error correction on the fly. 
FILEs, there is a comparator structure set up to compare 
Status Flags: 
contents in the two register files as shown in Figure 8. Any 


The DMA block will generate three status flags which can 
information loaded by the local processor in the DESIRED 
be used by the MICROSEQUENCER to test and make 
REGISTER FILE may be compared with the data that is 
decisions on the microprogram flow. These three status 
deposited in the CURRENT REGISTER FILE as it is filled 
flags, defined as follows, are also readable by the Local 
with data read from the disk. The sequence and number 


P 
. STATUS1 R' 
(ADDR 55H) 
of 
compares 
made 
are 
all 
initiated 
under 
rocessor In 
eglster 
: 
MICROSEQUENCER control. Typically,the compares can 
OVERFLOW: This flag indicates the result of the current 
beperformed to determine whether a particular IDfield had 
operation performed by the ALU; if the arithmetic yields an 
been encountered. 
overflow,this bit will be set. This bit is availableto the Local 
Processor in STATUS1 Register,bit D5. 
The contents of any DESIRED REGISTER FILE location 
can be incremented under MICROSEQUENCER control. 


ZERO: This flag is set to a one when the OFFSET 
Typically,this can be used to increment the sector number 
COUNTER is decremented to zero. This bit is available to 
in the DESIRED REGISTERFILElocationwhen performing 
the Local Processor in STATUS1 Register,bit D6. 
consecutive logical sector operations. 
AUX ZERO: This flag is set to a one when the AUXILIARY 
In addition, the CURRENT REGISTER FILE can, under 
OFFSET COUNTER is decremented to zero. This bit is 
MICROSEQUENCER control, be loaded with the error 
available to the Local Processor in STATUS1 Register,bit 
syndrome bytes for examination by the Local Processor 
D7. 
during an error correction operation. 


The ZERO and AUX ZERO flags are not set if the OFFSET 
In typical applications, the CURRENT REGISTER FILE 
and AUXILIARY OFFSET COUNTERS are loaded with a 
holds data such asthe current header information (head#, 
zero. 
sector #, track #) and the writing to these registers is 
The MICROSEQUENCER can interrogate the logical OR 
controlledbythe MICROSEQUENCERas data is converted 
of the ZERO and AUX ZERO flags via the test input ZOFF. 
from serial to parallel in the DISK INTERFACEblock. The 
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-ill: 


MICROSEQUENCER 
PROGRAMMED 
BIT 


CTL4 
U 
x 


,_ 


- 
LOCAL 
PROCESSOR 
PROGRAMMED 
BIT 


MICROCODE 
RAM 
(32 X 32) 


DESIRED 
REGISTER 
FILE holds information 
such as the 


desired sector to be operated on in a READ or WRITE DISK 
operation. 
The desired 
header information, 
in this case is 


written 
into the DESIRED 
REGISTER 
FILE by the Local 


Processor 
prior to the execution 
of the READ OR WRITE 


command 
in an order that is consistent 
with the order in 


which the MICROSEQUENCER 
loads and compares 
the 


CURRENT 
REGISTER 
FILE. 


The 32 bit microprogram 
word definition 
contains 
a total of 


8 separate 
fields as shown in Figure 9. 


DESCRIPTION 
OF INDIVIDUAL 
FIELDS: 


SEQUENCE 
CONTROL 
FIELD (031-29): 


The SEQUENCE 
CONTROL 
FIELD determines 
the next 
address 
loaded 
into the PROGRAM 
COUNTER 
which 


feeds 
the MICROSEQUENCER 
RAM. 
Depending 
upon 


which SEQUENCE 
CONTROL 
FIELD is specified, the next 
address might remain at the current address, increment, use 
the value stored in the STACK, or use the value specified in 
the ADDRESS 
FIELD. In addition, 
it can cause the current 


value in the PROGRAM 
COUNTER 
to be pushed 
on the 


STACK. The STACK is one address deep. The END COUNT 
and TEST 
POINT can affect the next address generation 


and STACK operations 
in a number of ways. See section 


on the TEST FIELD and COUNJ 
FIELD for a description 
of 


the various conditions that will produce a valid TEST POINT 
or END COUNT. 


D31 


D29 


D28 
- 
D24 


D23 


D20 


D19 


---< 
- 
D16 


D15 


D14 


- 
D8 


D7 


D4 


D3 
- 
DO 


SEQUENCE 
CONTROL 
(3 BITS) 


ADDRESS 


(5 BITS) 


TEST 
CONDITIONS 
(4 BITS) 


REGISTER 
POINTER 
(4 BITS) 


POINTER 
DECREMENT 


ENABLE 


COUNT 
(7 BITS) 


OUT 
(4 BITS) 


EXT 


(4 BITS) 


FIGURE 9: 32 BIT MICROSEQUENCER 
PROGRAM 


WORD DESCRIPTION 


TEST POINT 
1 
1 
0 
0 
MNEMONIC 
031-29 
OPERATION 
END COUNT 
1 
0 
1 
0 


SHLP 
000 
PC = 
PC+1 
PC 
PC+1 
PC 
(SHORT 
LOOP) 
STACK = 
028-24 
- 
- 
- 


LGLP 
001 
PC = 
PC+1 
PC 
PC+1 
PC 


(LONG LOOP) 
STACK = 
028-24 
- 
- 
- 


RC 
010 
PC = 
STACK 
PC 
028-24 
PC 


(RETURN 
OR CALL) 
STACK = 
- 
- 
PC+1 
- 


CI 
011 
PC = 
028-24 
PC 
PC+1 
PC 


(CALL OR INCREMENT) 
STACK = 
PC+1 
- 
- 
- 


TSJ 
100 
PC = 
PC+1 
PC+1 
028-24 
PC 
(TEST JUMP) 


TSC 
1 01 
PC = 
PC+1 
PC+1 
028-24 
PC 
(TEST CALL) 
STACK = 
- 
- 
PC+1 
, 
- 


TSJL 
1 1 0 
PC = 
PC+1 
PC+1 
028-24 
PC 
(TEST JUMP LONG) 


TSCL 
1 1 1 
PC = 
PC+1 
PC+1 
028-24 
PC 
(TEST CALL) 
STACK = 
- 
- 
PC+1 
- 


1. DS28-24 
is the address as specified 
in the ADDR field of the microcode 
word. 
2. - 
= no change. 


ADDRESS 
FIELD (028-24): 


The Address 
Fjeld bits in the microcode 
instruction 
may be 


directly 
loaded 
into the Program 
counter 
when executing 


"jump" 
and "call" 
instructions. 
When 
executing 
a call 


instruction, the current (or next) Program Counter value may 
be saved on a one address 
STACK. "Return" 
instructions 


can be implemented 
by loading the contents of the STACK 


back 
into the 
Program 
Counter. 
It should 
be noted that 
subroutines 
can only be nested one deep. 


TEST CONDITIONS 
FIELD (023-20): 


The test condition 
field permits the MICROSEQUENCER 


to test one of 16 conditions 
for the purpose 
of conditional 


jumps 
and 
calls 
as 
specified 
in 
the 
SEQUENCE 


CONTROL 
FIELD. 
These 
16 inputs 
originate 
in the 


MICROSEQUENCER 
block and other blocks and four of 


the test points are general purpose inputs from outside the 
MSD95C02 
appearing.on 
pins TST1-4. 


023 
022 
021 
020 
TEST POINT SELECTED 
DEFINITION 


0 
0 
0 
0 
FORCE ZERO 
Forces the TEST input to a logic zero. 


0 
0 
0 
1 
DC GAP 
From the ENCODER/DECODER 
block 
indicating that no transitions 
have occurred 
on 
the RDATA input pin for 15 WRFCLKs. 


0 
0 
1 
0 
SYNC 
From the DISK INTERFACE 
block indicating 
a 
16 bit high speed compare 
between disk data 
and the MICROSEQUENCER 
selected 
SYNC 
Register(s). 


0 
0 
1 
1 
NDERR 
From the DISK INTERFACE 
block indicating 
that a CRC-16, ECC-32 or Reed Solomon 
ECC 
data error has occurred. 
A zero indicates 
a 
data error. 


0 
1 
0 
0 
TST1 
Input pin TST1. 
0 
1 
0 
1 
TST2 
Input pin TST2. 


0 
1 
1 
0 
TST3 
Input pin TST3. 


0 
1 
1 
1 
TST4 
Input pin TST4. 


1 
0 
0 
0 
EQ8 
This input reflects the status of an 8 bit 
compare 
between the INBUS and the 
DESIRED 
REGISTER 
FILE. 


1 
0 
0 
1 
LNEQ 
Indicates that one of the previous 8 bit 
compares 
or the current 8 bit compare 
is 
not equal. 


1 
0 
1 
0 
XEND 
Indicates that the contents 
of a DESIRED 
REGISTER 
FILE location has been 
incremented 
to all zeros. 


1 
0 
1 
1 
NTP2 
This is an auxiliary test input which is the 
logical OR of three independent 
conditions. 
It 
is equal to either a HALT (local processor 
initiated via Register 54, bit 0), an ABNORMAL 
DATA MARK (Register 58H, bit 6) or a WRITE 
FAULT (Register 58H, bit 5). A zero indicates 
that one of the conditions 
is true. 


1 
1 
0 
0 
CMD 
Originates 
in the DMA block and indicates 
if 
the command 
loaded by the local processor 
is 
a READ or WRITE Command 
with respect to 
the Disk. This operation 
tests bit 6 inverted in 
the START COMMAND 
Register. A one is a 
disk write and a zero is a disk read. 


1 
1 
0 
1 
NOVERFLOW 
Originates 
from the DMA block. This test input 
is a logic one if the result of an ALU operation 
has not yielded an overflow and NTP2 is a logic 
one. 


1 
1 
1 
0 
ZOFF 
Originates 
from the DMA block and indicates 
when either the OFFSET 
or AUXILIARY 
OFFSET 
COUNTER 
is loaded with a zero as a 
result of an ALU operation. 


1 
1 
1 
1 
ONE 
Forces the TEST input to a logic ONE. 


REGISTER 
POINTER 
FIELD (019-16): 


The REGISTER 
POINTER 
FIELD is associated 
with the 
DESIRED and CURRENT 
REGISTER 
FILES and specifies 
the address 
of the particular 
register 
file location 
to be 
operated 
on. The DESIRED 
and CURRENT 
REGISTER 
FILEs 
have 
a common 
address 
such 
that 
the 
same 
corresponding 
location 
in each file may be operated 
on at 
the same time. 
POINTER 
DECREMENT 
FIELD (015): 


This 
one 
bit field 
permits 
one to access 
sequentially 
decrementing 
locations 
in the DESIRED 
and CURRENT 
REGISTER 
FILEs 
for multiple 
operations 
within 
these 
registers. 


If the Pointer 
Decrement 
enable 
bit is zero, the Register 
Address will be the value specified 
in the Register 
Pointer 
field. If the Pointer Decrement enable bit is one, the Register 
Address will be the value specified 
in the Register 
Pointer 
field added to the current 
contents 
of the Loop Counter. 
When accessing sequential register file locations, the Count 
field should be initialized to the number of sequential access 
required and the REGISTER 
POINTER 
FIELD should be 
initialized 
to the last sequential 
register 
file location 
to be 
accessed. 
At each MICROSEQUENCER 
clock, the loop 
counter 
in the instruction 
is decremented, 
thus permitting 
sequential 
access 
at the 
MICROSEQUENCER 
clock 
frequency. 


COUNT 
FIELD (D14-8): 


This field serves two functions. 
First, it is loaded 
into the 


loop counter 
for counting 
microinstruction 
loops. 
In this 


instance, the generation 
of an END COUNT status bit, will 


cause branching 
conditions 
as defined by the SEQUENCE 


CONTROL 
FIELD (D31-29). 
The END COUNT 
status bit 


will 
be set 
to 
a logic 
one 
when 
the 
loop 
counter 
is 


decremented 
to zero. The second function of this field is for 


accessing 
sequential 
locations 
of the 
DESIRED 
and 


CURRENT 
REGISTER 
FILEs as described in the POINTER 


DECREMENT 
ENABLE 
FIELD. 


It should 
be noted that the count value is loaded 
into the 


loop counter as the microinstruction 
containing 
it is exited. 


The loop counter 
is decremented 
every microinstruction 


clock or every 128th microinstruction 
clock for a short loop 


(SHLP) 
or a long loop (LGLP) 
respectively. 
To perform 
a 


count of N, the value N-1 should be specified in the previous 
instruction 
in the microcode 
since the loop counter 
gets 


loaded as an instruction 
is exited. 


OUT FIELD (D7-4): 


The out field is one of two control 
fields 
used to control 


internal 
and external 
operations 
during 
microprogram 


OUT FIELD DEFINITION: 


execution. This four bit field yields one of 16 control outputs 
as follows: 


MNEMONIC 
D7-D4 
OPERATION 


NOP 
0000 
No operation. 


CNTRL4 
0001 
To DISK INTERFACE 
block causing the output CTL 4 to change. This output is 


multiplexed 
with a programmable 
output controlled 
by the local processor. This signal 


may be used for an external address mark enable when interfacing 
with ESDI drives. 


RDG 
0010 
To the DMA block. This signal is a DMA request from the MICROSEQUENCER 
and 


enables disk data to get transferred 
to the DATA Register in the DMA block over the 


INBUS. It also can cause the output DG (Data Gate) to go active. The DG output is 
multiplexed 
with a programmable 
output controlled 
by the local processor. 


0011 
RESERVED 
FOR FUTURE 
USE. 


WPRE 
0100 
This signal allows the PLO SYNC (preamble) 
data stored in the DESIRED 
REGISTER 


FILE to be loaded into the ENCODER/DECODER/DISK 
INTERFACE 
block over the 


OUTBUS. 
In addition, 
it is used to preset all CRC and ECC generation 
logic. 


WMISS 
0101 
This signal allows the missing clock data pattern stored in the DESIRED 
REGISTER 


FILE to be loaded into the ENCODER/DECODER/DISK 
INTERFACE 
block over the 


OUTBUS 
and generate the missing clock pattern when shifting the data out to the disk. 


In addition, 
it is used to start all CRC and ECC generation 
logic. 


FREG 
0110 
This signal gates the data stored in the DESIRED 
REGISTER 
FILE on to the OUTBUS. 


SNDRM 
01 1 1 
This signal gates the error syndrome 
(from the selected error checker) to the DESIRED 


REGISTER 
FILE. 


PREQ1 
1000 
This signal causes the contents of the DESIRED 
REGISTER 
FILE pointed to by the 


register pointer field to be loaded into the DISK DMA FUNCTION 
Register. 


WCRC 
1001 
This signal gates the check bytes (CRC-16, ECC-32 Reed Solomon 
ECC) out to the 


disk. 


1010 
RESERVED 
FOR FUTURE 
USE. 


1 01 1 
RESERVED 
FOR FUTURE 
USE. 


PINTO 
1100 
This signal sets bit 5 of STATUS 2 Register (ADDR 56H) and will, if enabled, 
generate 
an 


interrupt to the Local Processor. 
In addition, this interrupt will permit the Local Processor 


to access the CURRENT 
REGISTER 
FILE. It also separates 
the OFFSET 
and the 


AUXILIARY 
OFFSET 
COUNTERS. 
Typically, this interrupt is used for error correction 


operations. 
See description 
of STATUS 2 Register. 


PINT1 
1 1 01 
This signal sets bit 6 of STATUS 2 Register (ADDR 56H) and will, if enabled, 
generate 
an 


interrupt to the Local Processor. In addition, this interrupt will permit the Local Processor 
to access the CURRENT 
REGISTER 
FILE. Typically, this interrupt 
may be used to 


permit the Local Processor 
to read the current ID information 
that is stored in the 
CURRENT 
REGISTER 
FILE. 


PINT2 
1 1 1 0 
This signal will, if enabled, generate 
an interrupt to the Local Processor. This interrupt 
is 


general purpose and can be generated 
upon recognition 
of any MICROSEQUENCER 


detectable 
condition. 
The generation 
of this interrupt will affect no additional 
hardware. 


DNINT 
1 1 1 1 
This signal sets bit 4 of the interrupt STATUS 2 Register (ADDR 56 H) and will, if 
enabled, generate 
an interrupt to the Local Processor. Typically, this signal is invoked 


to inform the Local Processor 
that the current command 
executed by the 
MICROSEQUENCER 
has been completed. 
Generation 
of this signal will stop the 


MICROSEQUENCER, 
reset BUSY (STATUS 3 Register, Bit D7), and set done 


(INTERRUPT 
STATUS Register, Bit D4). In addition, this interrupt will permit the Local 


Processor 
to access the CURRENT 
REGISTER 
FILE. 


MNEMONIC 
D3-DO 
OPERATION 


NOOP 
0000 
No operation. 


SWDG 
0001 
This signal posts a DMA request for the MICROSEQUENCER 
to the DMA block and is 
used during disk write operations. 
The signal allows data to be transferred 
from the DATA 


Register in the DMA block to the DISK INTERFACE 
and ENCODER/DECODER 
blocks. 


It also generates 
the DG (Data Gate) signal. 


SRCRC 
0010 
This signal is used to inform the CRC-16 or ECC-32 CHECKER 
that the respective 
code 


is being transferred 
from the disk. 


SRECC 
0011 
This signal is used to inform the Reed Solomon 
ECC CHECKER 
that the ECC bytes are 


being transferred 
in from the disk. 


SGAP 
0100 
This signal enables the gap detect logic. 


SPRE 
0101 
This signal enables the compare 
between incoming data and the value programmed 
in 


the appropriate 
SYNC register(s). 
Normally, this comparison 
is used to detect a PLO 


SYNC (preamble) 
data pattern. The RGATE signal is also set. 


SMC 
0110 
This signal enables the compare 
between incoming data and the value programmed 
in 


the appropriate 
SYNC register(s). 
Normally, this comparison 
is used to detect a missing 


clock data pattern. The RGATE signal is also set. 


SDM 
o 1 1 1 
This signal enables the compare 
between incoming data and the value programmed 
in 


the appropriate 
SYNC register(s). 
Normally, this comparison 
is used to detect a data 


mark data pattern. The RGATE signal is also set. 


SGOFF 
(1) 
1100 
This signal resets both RGATE and WGATE. 


NOTE: 
The 
signals 
above 
describe 
operations 
to be 


performed 
as the instruction 
containing 
them is exited (The 


PC is changed). 
The following signals will be invoked when 


the instruction 
containing 
them is entered. 


MNEMONIC 
D3-DO 
OPERATION 


TREG 
1000 
This signal gates the contents of the INBUS into the CURRENT 
REGISTER 
FILE as 


pointed to by the REGISTER 
POINTER 
FIELD. 


1001 
RESERVED 
FOR FUTURE 
USE. 


CRC16 
1010 
This signal presets the CRC-16 generation 
and detection 
logic. 


ECC32 
1 0 1 1 
This signal presets the ECC-32 or the Reed Solomon 
generation 
and detection 
logic. 


ZRCLR 
1 1 01 
This signal clears the ZERO and AUX ZERO flags in the DMA block. 


INCE 
1 1 1 0 
This signal causes the contents of the DESIRED 
REGISTER 
FILE pointed to by the 


register pointer field to be incremented 
and placed back into the same DESIRED 
REGISTER 
location. 


WGON 
1 1 1 1 
This signal sets WGATE on. 


DISK INTERFACE 
& ENCODER/DECODER 
BLOCK 


This block interfaces 
to the rest of the chip via the INBUS 


and the OUTBUS 
which 
connects 
the serial to parallel/ 


parallel to serial converters to the DESIRED and CURRENT 
REGISTER 
FILES and the appropriate data registers within 


the DMA block. 


In addition to serialization 
and deserialization 
of data, this 


block will perform 
complex 
high speed compare 
logic that 


can sequentially 
compare 
a bit pattern 
read from the disk 


of up to 32 bits in length. Any and all compares 
can detect 


a predefined 
missing 
clock 
pattern. 
The sequence 
of 


comparisons 
made prior to declaring a valid synchronization 


with 
the 
rotating 
media, 
is fully 
programmable 
under 


MICROSEQUENCER 
control. During write disk operations, 


this block can generate 
fully programmable 
formats 
and 


complex 
missing 
clock 
data patterns 
completely 
under 


MICROSEQUENCER 
control. 


The 
encoder/decoder 
section 
is 
local 
processor 


programmable 
to handle 
FM, MFM, 
RLL 2, 7 and GCR 


codes. 
Included 
in this block is the CRC-16 
and IBM AT 


compatible 
32 bit ECC generator 
and checker. 


REED SOLOMON 
ERROR 
CORRECTION 
BLOCK 


The REED SOLOMON 
ECC block has been optimized 
to 


permit 
single 
and double 
burst 
error 
correction 
while 


simultaneously 
reducing the probability of miscorrection and 


expanding 
the error detection 
capability 
dramatically. 


FUNDAMENTALS 
OF 
REED-SOLOMON 
ERROR 


CORRECTING 
CODES 


The error correction 
and detection 
capability 
of any Reed 


Solomon code always relates the number of symbols (bytes) 
that are allowed to be in error to permit valid correction 
and 


detection. In the simplest case. data is run through hardware 
one byte at a time and. depending 
on the complexity 
of the 
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hardware 
and the number 
of redundancy 
bytes 
(bytes 
appended 
to the data field) used, one can allow a certain 
number 
of these bytes to be in error and still recover the 
data via correction 
and or detection. 


To minimize hardware and maximize the error detection and 
correction 
capability 
of the Reed Solomon 
code, several 
identical 
hardware 
constructions 
are employed 
in parallel; 


each with their individual 
limit on the number of symbols 


(bytes) 
that 
can 
be 
in error. 
This 
method 
is called 


interleaving. 
The interleaving 
method 
is set up such that 
the first byte goes into the first interleave, 
the second byte 


into the second 
interleave, 
etc. for the entire length of the 
data plus redundancy 
fields. The MSD95C02 
can employ 
either two or three interleaves, 
each interleave 
containing 
a maximum 
of 255 bytes. Further, each interleave 
can be 
programmed 
to handle either 1 or 2 symbols 
in er.ror. The 
combination 
of interleaves 
and allowable 
symbols 
in error 
per interleave, 
accounts 
for a variety 
of local processor 
programmable 
error detection 
and correction 
capabilities. 


A few examples 
will illustrate. 


CASE 1: 


Interleave of 2 and the ability to correct 1 byte per interleave 


--->11BYTEI<- 


I 
11 1 12 I 
11 I 
12 I 
11 I 
12 I 
11 I 
12 I 


--->I 9 BITS I<- 
A 


--->110 BITS 1<- 
B 


--->110 BITS 1<- c 


A: Any and all 9 bit bursts will never span more than one 
symbol per interleave. This arrangement 
permits correction 
of any single 9 bit burst error. 


B: This 10 bit burst includes two symbols from interleave 
1 
and hence, cannot guarantee 
proper correction. 


C: This 10 bit burst, because of its position, does not include 
more than one symbol per interleave 
and can be corrected 
properly. 


CASE 2: 


Interleave of 2 and the ability to correct 2 byte per interleave. 


--->11BYTEI<- 


I 11 I 12 I 
11 I 
12 I 
11 I 
12 I 
11 I 
12 


--->/9BITSI<- 
--->19 BITS 1<- 


I+----25 BITS -! 


A: Any two randomly 
placed 9 bit bursts will never include 
more than two symbols 
per interleave. 
This arrangements 
permits correction 
of any two, 9 bit burst errors. 


B: Any single burst error, 25 bits long or smaller, will never 
include 
more 
than 
two 
symbols 
per 
interleave. 
This 
arrangement 
permits 
correction 
of any single 25 bit burst 
error. 


CASE 3: 


Interleave 
of 3 and the ability 
to correct 
1 symbol 
per 


interleave. 


--->11BYTE/<- 


I 11 I 12 I 
13 I 
11 I 
12 I 
13 I 
11 I 
12 I 


--->! 
17BITS 
1<- 


A: Any and all 17 bit bursts will never include more than one 
symbol per interleave. This arrangements 
permits correction 
of any single 17 bit burst error. 


CASE 4: 


Interleave 
of 3 and the ability 
to correct 
2 symbols 
per 
interleave. 


--->11BYTE!<- 


1 
11 
I 
12 
I 
13 
I 
11 
I 
12 
I 
13 
1 
11 
1 
12 
I 


A: 
--->1 
17 BITS 
1<- 
--->1 
17 BITS 
1<- 


B: 
I ' 
41 BITS 
, I 


A: Any tWGrandomly 
placed 17 bit bursts will never include 


more than two symbols 
per interleave. 
This arrangement 


permits correction 
of any two, 17 bit burst errors. 


B: Any single burst error, 41 bits long or smaller, will never 
include 
more 
than 
two 
symbols 
per 
interleave. 
This 


arrangement 
permits 
correction 
of any single 41 bit burst 


error. 


The MSD 95C02 has the ability to handle 2 or 3 interleaves 
and can be programmed 
to correct either single or double 


burst errors of varying 
length. Single or double burst error 


correction 
capability 
corresponds 
to 1 or 2 symbol 
errors 
per interleave. 


The MSD 95C02 provides the user with an additional option 
used to control the range of the error detection 
capability. 
This is performed by including either an ECC extension field 
or a CRC addition field. 


ECC EXTENSION 
FIELD: 


An extension 
field can be added to the data block being 


processed 
to guarantee 
detection 
of an extra symbol 
per 


interleave. 
The extension 
field consists 
of either 2 (for an 


interleave of 2) or 3 (for an interleave 
of 3) additional 
bytes 


preceding 
the original ECC bytes as follows: 


I DATA FIELD! 
EXT11EXT21EXT31 
ECC1,2 ... N I 


---> I 
TOTAL REED 
1- 


SOLOMON 
REDUNDANCY 
BYTES 


CRC ADDITION 
FIELD: 


In place of the ECC EXTENSION 
FIELD, an additional 2 or 


3 byte CRC field may be appended 
behind the ECC bytes. 


The inclusion 
of this field, which generates 
a unique 
16 or 


24 bit CRC sequence, 
ensures 
maximum 
data integrity on 


the data and ECC field. Since the CRC field incorporates 
all data 
independent 
of interleaves, 
far greater 
error 


detection capability is provided. In addition, this field is used 
to ensure that every correction performed is valid and hence 
eliminates 
any miscorrections 
going 
undetected. 
This 
requirement 
is suggested 
when performing 
"correction 
on 
the fly" without loss of a disk revolution. 
See Appendix 
6 for 
a description 
of the software procedure 
used to ensure that 


an error was corrected 
properly. 
The CRC addition 
field 
consists of 2 bytes (for an interleave of 2) or 3 bytes (for an 
interleave of 3) following 
the ECC bytes as follows: 


I DATA FIELD I ECC 1,2, ... N I CRC 1 ICRC 21cRC31 


--->1 
TOTAL REED 
1- 


SOLOMON 
REDUNDANCY 
BYTES 


The number of redundancy 
bytes appearing 
at the end of 


the data field is a function of the number of interleaves, 
the 


programmed 
number of burst errors correctable 
(either 1 or 


2) and the inclusion 
of the ECC extension 
or CRC addition 


fields. 
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MAXIMUM 
TOTAL 
DATA 
INTER- 
REDUNDANCY 
CORR 
BLOCK 
LEAVES 
BYTES 
TYPE 
LENGTH 


2 
6(= 
4 RISECC 
SEC, MED 
504 BYTES 


+ 2CRC) 


2 
9(= 
7 RISECC 
DEC, MED 
501 BYTES 


+ 2CRC) 
3 
9(= 
6 RISECC 
SEC, MED 
756 BYTES 


+ 3CRC) 
3 
15 (= 
12 RIS ECC 
DEC, MED 
750 BYTES 


+ 3CRC) 


SEC = 
single error correction 
DEC = 
double error correction 
MED 
= multiple 
error detection 
as defined 
by the CRC 
extension 
used 


MAXIMUM 
TOTAL 
DATA 
INTER- 
REDUNDANCY 
CORR 
BLOCK 
LEAVES 
BYTES 
TYPE 
LENGTH 


2 
6(= 
4 RISECC 
SEC, DED 
504 BYTES 


+ 2 ECC EXT.) 


2 
9(= 
7 RIS ECC 
DEC, TED 
501 BYTES 
+ 2 ECCEXT.) 
3 
9(= 
6 R/SECC 
SEC, DED 
756 BYTES 


+ 3ECC 
EXT.) 
3 
15(= 
12 RISECC 
DEC, TED 
750 BYTES 


+ 3ECC 
EXT.) 


SEC = single error correction 
DEC = double error correction 
TED = triple error detection 


It is also possible 
to program 
the redundancy 
bytes 
to 
exclude both an ECC extension 
and a CRC addition. 
In this 
case the total redundancy 
bytes, etc. take on the following 
form: 


MAXIMUM 
TOTAL 
DATA 
INTER- 
REDUNDANCY 
CORR 
BLOCK 
LEAVES 
BYTES 
TYPE 
LENGTH 


2 
4 
SEC 
506 BYTES 
2 
7 
DEC 
503 BYTES 
3 
6 
SEC 
759 BYTES 
3 
12 
DEC 
753 BYTES 


SEC = single error correction 
DEC = double error correction 


LOCAL PROCESSOR 
INTERFACE 
BLOCK 


This 
block 
has been 
optimized 
to interface 
with Local 
Processors 
that have a multiplexed 
8 bit Address/Data 
bus. 


The internal local processor 
data bus and address bus are 
distributed 
to all blocks within the MSD95C02. 
Each block 
has 
its 
own 
address 
decoder 
as 
described 
in the 
OVERVIEW 
OF THE MSD95C02 
REGISTERS 
section. 


In addition, this block employs a complex interrupt structure 
used to generate 
appropriate 
interrupt 
based on multiple 
internal and external 
conditions. 
The interrupts 
can occur 
from three sources, 
namely the MICROSEQUENCER, 
the 
DMA 
block 
and 
via 
the 
four 
external 
sense 
inputs 
(SNS4-1) 
to the MSD95C02. 
Figure 
10 illustrates 
the 
interrupt 
structure 
of 
the 
MSD92C02 
with 
all 
the 
corresponding 
status and interrupt enable registers. 


REGISTE;R DESCRIPTIONS 


All reserved bits are read as zero and all unused bits should 
be written as zero for compatibility 
with future options. 


RESET (READ)-40H 


Reading this register address will reset the MSD95C02. This 
is referred 
to as a "soft" 
reset. Soft and hard resets are 
indistinguishable. 
Reset will be terminated 
by a write to any 
MSD95C02 
register. 


MODE 1 Register (WRITE)-41 
H 


This register space is not presently 
implemented. 


MODE 1 Register (write )-41 
H 


The bits in this register are cleared to "0" by a hard or soft 
reset. 
This 
Mode 
Register 
is used to control 
the DMA 
section. 


BIT D7: DMA TRANSFER 
REQUEST 
COUNTER 
RESET 


Writing a "1" to this bit causes 
the DMA transfer 
request 
counter 
to be reset. This bit does not have to be cleared 
between writing successive 
"1 's." 


BIT D6: RESERVED 


BIT 
D5-4: 
EXTERNAL 
DEVICE 
DMA 
ADDRESS 
INCREMENT 
VALUE 


These bits determine 
the value that the External 
Device's 
DMA address will be incremented for every External Device 
DMA cycle: 


D5 
D4 
INCREMENT 
VALUE 


0 
0 
1 
0 
1 
2 
1 
0 
3 
1 
1 
4 


BIT D3: CONTROL 
OUTPUTS 
MODE SELECT 


These bits determine the function of the output pins CTL8-5: 


D3 = 0: CTL8 is DGATE 
CTL7 is WRITE 
CTL6 isSTO 
CTL5 isST1 


D3 = 1: CTL8-5 are local processor 
programmed 
outputs. 


MODE 2 Register (WRITE)-42H 


This Mode Register is used to control the Disk Interface and 
Encoder/Decoder 
section. 


BIT D7: COMPOSITE/INDIVIDUAL 
SYNDROME 
D7 = 0: The ECC uses individual 
syndrome. 
D7 = 1: The ECC uses composite 
syndrome. 


BIT D6: TAPEIDISK 
MODE 
D6 = 0: Select disk mode. 
D6 = 1: Select tape mode, perform Read after Write using 
CRC. 


BIT D5: REFERENCE 
CLOCK SOURCE 
This bit is used to select the clock source for the bit rate 
Read/Write 
circuitry 
used when the Read Gate is inactive. 


(This bit must be a "1" when using Read after Write for tape 
mode.) 


D5 = 0: RCLK (COMBINED 
READ/REFERENCE 
CLOCK) 
D5 = 1: WRITE 
REF CLOCK 


BIT D4: CONTROL 
OUTPUTS 
MODE SELECT 
These bits determine 
the function of the CTL4 pin: 


D2 = 0: CTL4 
is MICROSEQUENCER 
output 
(typically 
used for ESDI AM enable) 
D2 = 1: CTL4 is Local Processor 
output pin 


BIT 03: 16/8 BIT COMPARISON 
This bit will choose the 16 or 8 bit compare 
mechanism 
in 
the ENCODER/DECODER 
block. The 8 bit compare is used 
when accepting 
data in NRZ format. The 16 bit compare 
is 
used when accepting 
data in an encoded 
mode typically to 
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establish 
bit synchronization. 
Refer to the SYNC Register 
description 
for a table of how the compares 
interact 
witI' 
this bit. 


D3 = 0: Choose 8 bit compare. 
D3 = 1: Choose 
16 bit compare. 


BITS D2-DO: FORMAT 


These bits are used to control the Encoder and Decoder. 


D2 
D1 
DO 
TYPE OF ENCODING 


0 
0 
0 
FM 
0 
0 
1 
MFM 
0 
1 
0 
M2FM 
0 
1 
1 
MANCHESTER 
1 
0 
0 
RLL 2, 7 TYPE 1 
1 
0 
1 
RLL 2, 7 TYPE 2 
1 
1 
0 
GCR 
1 
1 
1 
NRZ 


TABLE 
4: ENCODER/DECODER 
SELECTION 
Tables 5 and 6 show the correspondence 
mapping for RLL 
and GCR encoding 
respectively. 


INPUT BIT STREAM 
RLL 2,7 TYPE 1 RLL 2, 7 TYPE 2 


10 
0100 
0100 
010 
000100 
100100 
0010 
001100100 
00100100 
11 
1000 
1000 
011 
001000 
001000 
0011 
00001000 
00001000 
000 
100100 
000100 


INPUT BIT STREAM 
GCR ENCODING 


0000 
11001 
0001 
11011 
0010 
10010 
0011 
10011 
0100 
11101 
0101 
10101 
0110 
10110 
0111 
10111 
1000 
11010 
1001 
01001 
1010 
01010 
1011 
01011 
1100 
11110 
1101 
01101 
1110 
01110 
1111 
01111 


D1 = 1: CTL3 is Local Processor 
output pin 
(Note: this bit is set to a "0" upon a hard or soft reset) 
DO = 0: CTL2 is LATE output 
CTL 1 is EARLY output 
DO = 1: CTL2 and 1 are Local Processor 
programmable 
outputs. 


MODE 4 Register 
(WRITE)-44H 
This Mode Register 
is used to control 
the ECC Interface 
section. 


BIT D7: INTERNAUEXTERNAL 
ECC 


D7 = 1: Will disable all internal ECC/CRC 
circuitry. 


D7 = 0: Will enable all selected 
ECC/CRC 
circuitry. 


BIT D6: INTERLEAVE 
2/3 


D6 = 1: Indicates 
Interleave 2 
D6 = 0: Indicates 
Interleave 3 


BIT D5: SINGLE/DOUBLE 
ERROR 
CORRECTION 
SELECTION 


D5 = 1: Correct single error 
D5 = 0: Correct double error 


BITS D4, D3: REED-SOLOMON 
CODE OPTIONS 


These bits determine 
the optional 
ECC configurations 
and 
code capabilities. 


D4 D3 
OPTION 


0 
0 
REED-SOLOMON 
DISABLED 
(USE ECC-32 
OR CRC-16) 
0 
1 
REED-SOLOMON 
only 
1 
0 
REED-SOLOMON 
WITH ECC EXTENSION 
1 
1 
REED-SOLOMON 
WITH CRC ADDITION 
(1) 


TABLE 
7: REED-SOLOMON 
CODE 
OPTIONS 


(1) This is either a 16 bit CRC (for single error correction) 
or 
a 24 bit CRC (for double error correction) 
different than the 
standard CRC-16codewhich 
can be used as defined by bit D2. 


BIT D2: ALTERNATE 
ECC/CRC 
USAGE 
D2 = 1: Attaches the IBM® pc/xr" /AT®compatible 
32 bit 


ECC code to the end of the data field. 
(X32 +.X28 
+ X26 + X19 + X17 + X10 + X6 + 


X2 + 1) 


D2 = 0: Attaches the standard floppy disk 16 bit CRC code 
to the end of the data field. 
(X16 + X12 + X5 + 1) 
BIT D1 : CRC/PRESET 
D1 = 1: Preset alternate 
ECC/CRC 
Register to "1" before 
computing. 
D1 = 0: Preset alternate 
ECC/CRC 
Register to "0" before 
TABLE 
6: GCR 
ENCODING 
MAPPING 
computing. 


MODE 3 Register 
(WRITE)-43H 
BIT DO: (RESERVED) 


This Mode Register is used to control the DISK INTERFACE 
RESERVED 
REGISTER 
SPACE-45H 
and ENCODER/DECODER 
blocks. 


BIT D7: INVERT 
DATA 
This register space is reserved for future expansion. 


Setting this bit to "1" will cause the disk data to be inverted 
SYNC REGISTER 
1-4 (WRITE)-ADDR 
46H-49H. 
before encoding and after decoding. If this bit is "0", the data 
The following 
four SYNC 
Registers 
are used to perform 


will not be inverted. 
either 8 or 16 bit high speed 
compares 
on the incoming 


encoded 
data from the disk. The compares 
are executed 
BIT D6: LEVEUPULSE 
via three 
signals 
in the microcode 
EXT field. 
The three 
Setting this bit to "1" will cause the disk data to be decoded 
signals, SPRE, SMC and SDM are typically used to look for 


as hard disk data (level transitions). 
If this bit is "0", the data 
PLO SYNC (preamble) data, missing clock pattern data, and 
will be decoded 
as floppy disk (pulse) data. 
data mark data respectively. The MICROSEQUENCER 
can 
BITS D5-D2: 
RESERVED 
check for a valid high speed compare 
via the signal SYNC 
BITS D1-DO: CONTROL 
OUTPUTS 
MODE SELECT 
in the test field 
of the microcode 
word. Tables 
8 and 9 
illustrate how the compares are used in conjunction with the 
These bits determine 
the function of the CTL3-1 pins: 
four SYNC Registers as a function of the encoding 
scheme 
D1 = 0: CTL3 is WRFCLK 
input 
used and bit D3 (8/16 bit compare) 
of MODE 2 Register. 


IBM" and AT" are registered trademarks of the International Business 
PClXr" 
is a trademark of International Business Machines Corporation. 


Machines Corporation. 
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Inls register nolds tiYNC pattern 3. 


This register holds SYNC pattern 4. 


ENCODING 
SCHEME 
SYNC 1 (47H) 
SYNC 2 (48H) 
SYNC 3 (48H) 
SYNC 4 (49H) 


FM 
ADDRESS 
MARK 
DATA MARK 
PLOSYNC 
DATA MARK 
DATA 
DATA 
DATA 
CLOCK 


MFM 
MISSING 
CLOCK 
PLOSYNC 
PLO SYNC 
MISSING 
CLOCK 
DATA 
DATA 
CLOCK 
CLOCK 


RLL(1) 
MISSING 
CLOCK 
PLOSYNC 
PLO SYNC 
MISSING 
CLOCK 
PATTERN 1 
DATA 
CLOCK 
PATTERN 2 


RLL(2) 
MISSING 
CLOCK 
PLOSYNC 
- 
- 
DATA 
DATA 


NRZ&GCR(3) 
PATTERN 1 
PATTERN 2 


(1) RLL SYNC Register setup for 16 bit compare 
(bit D3 of MODE 2 Register 
= 1) 
(2) RLL SYNC Register setup for 8 bit compare 
(bit D3 of MODE 2 Register = 0) 
(3) NRZ and GCR encoding 
should always use 8 bit compares 
(bit D3 of MODE 2 Register 
= 0) 


MICROCODE 
SIGNAL 
8/16 COMPARE 
COMPARE 
BETWEEN 
DISK DATA AND SYNC REGISTER 


SPRE 
8 
SYNC 2 (47H) 


SPRE 
16 
SYNC 2 (47H) FOR DATA TRACK AND 
SYNC 3 (48H) FOR CLOCK TRACK 


SMC 
8 
SYNC 1 (46H) 


SMC 
16 
SYNC 1 (46H) FOR DATA TRACK AND 
SYNC 4 (49H) FOR CLOCK TRACK 


SDM 
8 
SYNC 2 (47H) 


SDM 
16 
SYNC 2 (47H) FOR DATA TRACK AND 
SYNC 4 (49H) FOR CLOCK TRACK 


The following 
two registers 
represent 
a 12 bit TAPE BYTE 
counter. 
This counter 
is needed 
during 
tape ReadlWrite 
operating to inform the readback circuitry that the data block 
plus the two byte CRC field has been read. Only the CRC- 
16 can be used with the tape feature. 
It is loaded with the 
value equal to the number of bytes in the data block plus 2 
(for the CRC-16 fielp). 
TAPE BYTE COUNTER 
HIGH (WRITE)-4AH 


This register holds the upper four bits of the twelve bit Tape 
Byte Counter. This counter 
is used to count the number of 
b}1es used for CRC 2 during the Read after Write. 


TAPE BYTE COUNTER 
LOW (WRITE)-4BH 


This register holds the lower eight bits of the twelve bit Tape 
Byte Counter. This counter 
is used to count the number of 
bytes used for CRC 2 during the Read after Write. 


LOCAL PROCESSOR 
OUTPUT Register (WRITE)-4CH 


This register 
holds the data that is directly output on the 
CTL8-1 pins when they are configured 
as Local Processor 
outputs by bits in MODE 1, MODE 2 and MODE 3 Registers. 
Bit 7 is output on CTL8 and bit 0 is output on CTL 1. These 
bits are cleared to zero by a hard or soft reset. 
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INTERRUPT 
ENABLE 1 Register (READIWRITE)-4DH 
The bits in this register are cleared to zero by a hard or soft 
reset. 


BIT 07: MASTER 
INTERRUPT 
ENABLE 


Setting this bit to "1" will cause the MS095C02 
to 


drive its INT output 
pin active when an enabled 


condition causes the Interrupt Pending status bit to 
go active high. 


BIT 06: OMA INTERRUPT 
ENABLE 


Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt 
Pending status bit when the OMA 


bit in the INTERRUPT 
STATUS 
Register 
goes 


active high. 


BIT 05: (RESERVED) 


BIT 04: DONE INTERRUPT 
ENABLE 


Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt Pending status bit when the DONE 
bit in the INTERRUPT 
STATUS 
Register 
goes 


active high. 
BIT 03: (RESERVED) 


BIT 02-00: 
(reserved for future expansion) 


INTERRUPT 
ENABLE 2 Register (READIWRITE)-4EH 


The bits in this register are cleared to zero by a hard or soft 
reset. 


BIT 07: PROGRAM 
2 INTERRUPT 
ENABLE 
Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt 
Pending and Program status bits 


in the INTERRUPT 
STATUS 
Register 
when the 


PROG 2 bit in the STATUS 2 Register goes active 
high. 


BIT 06: PROGRAM 
1 INTERRUPT 
ENABLE 


Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt 
Pending and Program status bits 


in the INTERRUPT 
STATUS 
Register 
when the 


PROG 1 bit in the STATUS 2 Register goes active 
high. 


BIT 05: PROGRAM 
0 INTERRUPT 
ENABLE 


Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt 
Pending and Program status bits 


in the INTERRUPT 
STATUS 
Register 
when the 


PROG 0 bit in the STATUS 2 Register goes active 
high. 


BITS 04-00: 
(RESERVED) 


Read After Write Fault bit in the STATUS 4 Register 
goes active high. 


BIT 03: SENSE 4 CHANGE 
INTERRUPT 
ENABLE 


Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt 
Pending and Sense Change 
bits 


in the INTERRUPT 
STATUS 
Register 
when the 


Sense 4 Change bit in the STATUS 4 Register goes 
active high. 


BIT 02: SENSE 3 CHANGE 
INTERRUPT 
ENABLE 


Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt 
Pending and Sense Change 
bits 


in the INTERRUPT 
STATUS 
Register 
when the 


SENSE 
3 Change 
bit in the STATUS 4 Register 


goes active high. 


BIT 01 : SENSE 2 CHANGE 
INTERRUPT 
ENABLE 
Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt 
Pending and Sense Change 
bits 


in the INTERRUPT 
STATUS 
Register 
when the 


SENSE 
2 Change 
bit in the STATUS 4 Register 


goes active high. 


BIT DO: SENSE 
1 CHANGE 
INTERRUPT 
ENABLE 


Setting this bit to "1" will cause the MS095C02 
to 


set the Interrupt 
Pending and Sense Change 
bits 


in the INTERRUPT 
STATUS 
Register 
when the 


SENSE 
1 Change 
bit in the STATUS 4 Register 


goes active high. 


DMA FUNCTION 
Register (READ)-50H 


BITS 
07-06. 
These 
bits 
specify 
the 
operation 
to be 


performed 
on the 
internal 
register 
file 
by the 
Local 


Processor: 


0706 
FUNCTION 


0 
0 
SOURCE 
+ OFFSET 
COUNTER~ 


DESTINATION 
(Note 1) 


0 
1 
SOURCE 
+ N~ 
DESTINATION; 


DECREMENT 
OFFSET 
COUNTER 
1 
0 
SOURCE ~ 
DESTINATION 
1 
1 
SOURCE 
+ N ~ 
DESTINATION 


N = 1 for disk and local processor 
data transfers 


N specified 
for MODE 
1 Register 
for External 
channel 


(SCSI) data transfers 
TABLE 10: DMA FUNCTION 
REGISTER 
OPERATION 


Notes: 


1. For this case, the only destinations 
that can be updated 


are the OFFSET 
COUNTER 
and the MAILBOX. 
All other 


destinations 
will cause the OVERFLOW 
flag to be updated 


as a function of the result out of the ALU, but will not update 


BITS 07-06: 
MUST BE SET TO ZERO (RESERVED) 
the destination. 
BIT 05: WRITE 
FAULT ENABLE 
2. When the controller changes the contents of the OFFSET 
and AUXILIARY 
OFFSET 
COUNTERS, 
it must set or clear 
Setting this bit to "1" will cause the MS095C02 
to 
the zero bit via the START COMMAND 
Register bits 4 and 
set the Write Fault bit in the STATUS 4 Register and 
cause the test point "NTP2" 
to go active when the 
3. 
Sense 2 Change bit in the STATUS 4 Register goes 
3. The OFFSET 
COUNTER 
cannot be used as a source. If 
active high. In tape mode, setting this bit will also 
it is used as a source, it will take on the value of zero. During 
cause test point "NTP2" 
to go active if Read After 
error correction, 
it becomes 
necessary 
to use the OFFSET 
Write 
Enable 
is active 
and a CRC error occurs 
COUNTER 
as a source. 
See appendix 
3 for a description 
during a Read after Write. 
of ERROR CORRECTION 
ON THE FLY for more detail. 


BIT 04: READ AFTER 
WRITE 
INTERRUPT 
ENABLE 
BITS 05-03. 
Source register file address. 
Setting this bit to "1" will cause the MS095C02 
to 
BITS 02-00. 
Destination 
register file address. 
set the Interrupt 
Pending and STATUS 4 Interrupt 
These 
bits select 
the 
register 
file address 
location(s) 
bits in the INTERRUPT 
STATUS Register when th~ 
accessed 
by the operation 
specified 
by bits 07 and 06. 
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INTERRUPT 
ENABLE 3 Register (READIWRITE)-4FH 


The bits in this register are cleared to zero by a hard or soft 
reset. 


D5 
D4 
D3 


D2 
D1 
DO 
REGISTER 
SELECTED 


0 
0 
0 
MAILBOX 
HIGH, LOW 


0 
0 
1 
OFFSET 
COUNTER 


0 
1 
0 
CONSTANT 
1 


0 
1 
1 
CONSTANT 
2 


1 
0 
0 
LOCAL PROCESSOR 
ADDRESS 


1 
0 
1 
EXTERNAL 
DEVICE 
ADDRESS 


1 
1 
0 
DISK REGISTER 


1 
1 
1 
DISK ADDRESS 


TABLE 11: DMA FUNCTION 
REGISTER SOURCEI 
DESTINATION 


MAILBOX 
HIGH Register (READ/WRITE)-51 
H 


BITS D7-DO: HIGH ORDER 
DMA ADDRESS 
BITS; A15-8 


This register functions 
as a mailbox for transfer of the high 


order address bits to and from the DMA register file. 


MAILBOX 
LOW Register (READIWRITE)-52H 


BITS O1-DO: LOW ORDER 
DMA ADDRESS 
BITS; A7-0 


This register functions 
as a mailbox for transfer of the low 


order address bits to and from the DMA register file. 


DATA Register (READ/WRITE)-53H 


This 
register 
functions 
as a mailbox 
for data transfers 


between 
the Local Processor 
and the Ring Buffer. Local 


Processor 
read and writes to the Ring Buffer are funnelled 


through 
this register which resides in the DMA block. The 


Local 
Processor 
should 
poll STATUS 
1 Register, 
bit 1 


(REQUEST 
1), to determine 
the status of local processor 


initiated 
DMA cycles. 


START COMMAND 
Register (WRITE)-54H 


Writing to this register initiates microprogram 
execution. 


BIT D7: START ENABLE 


Setting this bit to a logic "1" will set the BUSY bit in STATUS 
3 Register and enable the start of microprogram 
execution. 


BIT D6: DISK DMA DIRECTION 


This bit selects the direction 
of DMA data transfer 


for the disk data channel: 


D6 = 1 Disk to Ring Buffer (Disk READ) 
D6 = 0 Ring Buffer to Disk (Disk WRITE) 


BIT D5: EXTERNAL 
DEVICE 
DMA DIRECTION 


This bit selects the direction 
of DMA data transfer 


for the EXTERNAL 
data channel: 


D5 = 1 External 
Device to Ring Buffer. 
D5 = 0 Ring Buffer to External Device. 


BIT D4, D3: DMA ZERO BIT CONTROL 


These bits can set or reset the zero output of 
the DMA OFFSET 
and AUXILIARY 
OFFSET 


COUNTERs: 


D3 
D4 
RESULT 


0 
0 
No change to zero indicator 


0 
1 
Reset zero indicator 


1 
0 
Set zero indicator 


1 
1 
Undefined 


BIT D2: CRR (Current 
Register Read) 


Writing a logic" 1"to this register indicates that the 
microprocessor 
has 
finished 
reading 
the 


information 
in the CURRENT 
REGISTER 
FILE. 


This 
must 
be done 
after 
an interrupt 
has been 
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caused 
by 
PROGO 
or 
PROG1 
to 
allow 


MICROSEQUENCER 
access 
to the CURRENT 


REGISTER 
FILE. Writing a logic zero will have no 


effect. 


BIT D1 : (RESERVED) 


BIT DO: HALT 
Writing a logic "1" to this register will cause "NTP2" 
to go active. The MICROSEQUENCER 
can test 


"NTP2" 
at certain 
times to determine 
if it should 


terminate 
execution of the present command. 
This 


bit is a way for the local 
processor 
to halt the 


microprogram 
at an appropriate 
time (for example; 


at the 
end 
of 
a sector 
read) 
by 
having 
the 


microprogram 
interrogate 
NTP2 at that time. 


INTERRUPT 
STATUS Register (READ)-54H 


This register is the master interrupt status register. It should 
be read after an interrupt 
is generated 
to determine 
which 


logical block generated 
the interrupt condition. 


BIT D7: INTERRUPT 
PENDING 
This bit is set to "1" when one of the enabled 
interrupt 
conditions 
occur. 
It is cleared 
to "0" 


when 
the 
interrupt 
causing 
condition(s) 
are 


cleared. 


BIT D6: DMA INTERRUPT 
This 
bit 
is set 
to 
"1" 
when 
the 
ZERO 
or 


AUXILIARY 
ZERO bits in the STATUS 1 (DMA) 


Register 
go active high. It is cleared 
to "0" by 


reading the STATUS 1 (DMA) Register, a hard or 
a soft reset. 


BIT D5: PROGRAM 
INTERRUPT 
This bit is set to "1" when one of the enabled 
PROG2-0 
bits in the STATUS 2 Register 
goes 


active high. It is cleared 
to "0" by reading 
the 


STATUS 2 Register, a hard or a soft reset. 


BIT D4: DONE INTERRUPT 
This 
bit is set to "1" 
when 
the 
MSD95C02 


completes 
a 
command. 
This 
interrupt 
is 


generated 
by the microcode 
and indicates 
that 


the internal MICROSEQUENCER 
has stopped. 


This bit is reset to "0" 
by reading 
STATUS 3 


Register, or by a hard or soft reset. 


BIT D3: SENSE CHANGE 
INTERRUPT 
This bit is set to "1" when one of the enabled 
Sense 4-1 Change bits in the STATUS 4 Register 
goes active high. This bit is reset to "0" by reading 
the STATUS 4 Register, a hard or a soft reset. 


BIT D2: STATUS 4 Register INTERRUPT 
This bit is set to "1" when the Read After Write 
interrupt in STATUS 4 Register goes active high. 
ThiS bit IS reset to "0" by reading the STATUS 4 
Register, a hard or a soft reset. 


BITS D1-DO: (RESERVED) 


STATUS 1 Register (READ)-55H 


This register 
contains 
status 
about 
the DMA block. 
Bits 


D3-DO are cleared to zero following a hard or soft reset. Bits 
D7-D4 are unaffected 
by a hard or soft reset. 


BIT D7: AUXILIARY 
ZERO 
This bit re~lects the state of the zero flag of the 
AUXILIARY 
OFFSET 
COUNTER. 
This bit is set 


by a hard or soft reset. 


BIT D6: ZERO 
This bit reflects the state of the zero flag of the 


OFFSET 
COUNTER. 
This bit is set by a hard or 
soft reset. 


BIT 05: OVERFLOW 
This 
bit reflects 
the state of the overflow 
flag 
generated 
from the ALU in the DMA block. 


BIT 04: (RESERVED) 


BIT 03: REQUEST 
3 
This 
bit 
reflects 
the 
state 
of 
the 
MICROSEQUENCER 
housekeeping 
DMA cycle 
request latch. A logic "1" indicates that the DMA 
cycle request has either not been acknowledged 
or is in progress and a logic "0" indicates that the 
DMA cycle has been completed. 


BIT 02: REQUEST 
2 
This 
bit 
reflects 
the 
state 
of 
the 
MICROSEQUENCER 
data transfer 
DMA cycle 
request latch. A logic "1" indicates that the DMA 
cycle request has either not been acknowledged 
or is in progress and a logic "0" indicates that the 
DMA cycle has been completed. 


BIT 01 : REQUEST 
1 
This bit reflects the state of the Local Processor 
channel 
DMA cycle request 
latch. A logic "1" 


indicates that the DMA cycle request has either 
not been acknowledged 
or is in progress 
and a 
logic "0" indicates that the DMA cycle has been 
completed. 


BIT DO: REQUEST 
0 
This bit reflects the state of the External Device 
channel 
DMA cycle request 
latch. A logic "1" 
indicates that the DMA cycle request has either 
not been acknowledged 
or is in progress and a 
logic "0" indicates that the DMA cycle has been 
completed. 


STATUS2 Register (READ)-56H 


This register contains status about the MICROSEQUENCER 
block. 
The 
Program 
Interrupt 
bits 
are 
set 
under 
MICROSEQUENCER 
control. 
The 
PROG2-0 
bits are 
cleared to zero by reading the STATUS 2 Register, a hard 
or a soft reset. 


BITS 07-05: 
PROGRAMMABLE 
INTERRUPTS 
2-0. 
These 
bits 
are 
set 
to 
"1" 
under 
MICROSEQUENCER 
control. 
These 
bits are 
reset to "0" by reading the Status 2 Register, a 
hard or a soft reset. 


BIT 07: PROGRAMMABLE 
INTERRUPT 
2 
This 
is a programmable 
interrupt 
that 
is set 
under a MICROSEQUENCER 
control. This is a 
general purpose interrupt that can be generated 
upon recognition 
of any MICROSEQUENCER 
detectable 
condition. 
The generation 
of this 
interrupt will affect no additional 
hardware. 


BIT 06: PROGRAMMABLE 
INTERRUPT 
1 
This 
is a programmable 
interrupt 
that 
is set 
under 
M ICROSEQUENCER 
control. 
This 
interrupt 
will 
allow 
the 
local 
processor 
to 
access 
the CURRENT 
REGISTER 
FILE. The 
MICROSEQUENCER 
will not be able to update 
the register 
file until the local processor 
has 
indicated that it has finished readmg the register 
file by writing a "1" to bit 02 (CRR) of the START 
COMMAND 
Register. This interrupt may be used 
for 10 field interrupt to permit the local processor 
to read the current 10 information 
that is stored 
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BIT 05: PROGRAMMABLE 
INTERRUPT 
0 
This 
is a programmable 
interrupt 
that 
is set 
under 
MICROSEQUENCER 
control. 
This 
interrupt 
will 
allow 
the 
local 
processor 
to 
access 
the 
CURRENT 
REGISTER 
FILE. 
The MICROSEQUENCER 
will not be able to 
update the CURRENT 
REGISTER 
FILE until the 
local processor 
has indicated that it has finished 
reading 
the CURRENT 
REGISTER 
FILE 
by 
writing 
a "1" 
to bit 02 (CRR) 
of the START 
COMMAND 
Register. 
The generation 
of this 
interrupt will delink the OFFSET and AUXILIARY 
OFFSET 
COUNTERS 
in the DMA block. This 
interrupt is used to indicate an ECC error. Service 
would be required by having the Local Processor 
read 
the 
error 
syndrome 
residing 
in 
the 
CURRENT 
REGISTER 
FILE, correct the error 
and properly relink the AUXILIARY OFFSET and 
OFFSET 
COUNTERs 
in the DMA block back 
together. 
See Appendix 
4 (ECC ON THE FLY) 
for further details. 


BITS 04-00: 
(RESERVED) 


STATUS3 Register (READ)-57H 
This register contains status about the MICROSEQUENCER 
block. The values 
in bits 04-0 
are valid when the Done 
Interrupt bit is active high. 


BIT 07: BUSY 
This 
bit 
indicates 
the 
state 
of 
the 
MICROSEQUENCER. 
o = MICROSEQUENCER 
is finished or reset. 


1 = MICROSEQUENCER 
is 
executing 
a 
program. 


BITS 06-05: 
(RESERVED) 


BITS 04-00: 
PROGRAM 
COUNTER 
DATA 
These bits will hold the address of the instruction 
executed 
prior to executing 
the instruction 
that 
generated the Done Interrupt via the signal DNINT 
in the OUT field 
of the MICROSEQUENCER 
RAM. They are valid after the Done status bit is 
set indicating that the MICROSEQUENCER 
has 
stopped running. 


STATUS4 Register (READ)-58H 


This register contains 
status information. 


BIT 07: RESERVED 


BIT 06: ABNORMAL 
DATA MARK 
This 
bit 
is 
set 
to 
"1" 
when 
the 
MICROSEQUENCER 
tests the data mark and it 
does not match the data mark in the DESIRED 
REGISTER. This bit being set will cause "NTP2" 
to become active. This bit is reset by the start of 
execution 
of a command. 


BIT 05: WRITE 
FAULT 
This 
bit is set to "1" 
when 
the 
SNS2 
input 
undergoes 
a high-to-Iow 
level transition 
if the 
WRITE 
FAULT enable 
bit of the INTERRUPT 
ENABLE 3 Register is an active "1 ". This bit being 
set will cause "NTP2" 
to become active. This bit 
is reset to "0" by reading the STATUS 4 Register, 
a hard or a soft reset. 


BIT 04: READ AFTER 
WRITE 
ERROR 
This bit is set to "1" when a CRC error occurs 
during a Read After Write while in the tape mode. 
This bit is reset to "0" by reading the STATUS 4 
Register, a hard or a soft reset. 


BIT 03: SENSE 4 CHANGE 
This 
bit is set to "1" 
when 
the 
SNS4 
input 
undergoes 
a high-to-Iow 
or low-to-high 
level 
transition. 
This bit is reset to "0" by reading the 
STATUS 4 Register, a hard or a soft reset. 


BIT 02: SENSE 3 CHANGE 
This 
bit is set to "1" 
when 
the 
SNS3 
input 
undergoes 
a high-to-Iow 
level transition. This bit 
is reset to "0" by reading the STATUS 4 Register, 
a hard or a soft reset. 


BIT 01 : SENSE 2 CHANGE 
This 
bit is set to "1" 
when 
the SNS2 
input 
undergoes 
a high-to-Iow 
level transition. This bit 


is reset to "0" by reading the STATUS 4 Register, 
a hard or a soft reset. 


BIT DO: SENSE 
1 CHANGE 
This 
bit is set to "1" 
when 
the SNS1 
input 
undergoes 
a high·to-Iow 
level transition. 
This bit 
is reset to "0" by reading the STATUS 4 Register, 
a hard or a soft reset. When the Local Processor 
reads 
this register, 
this bit must 
not be reset 
before it is read. 


REGISTERS 
(READ)-59H, 
5AH, 5BH 


These registers are reserved for future expansion. 


DEVICE 
INPUTS 
Register (READ)-5CH 


This register 
reflects the status of the external TEST and 
SENSE 
inputs. 
The MS095C02 
can be programmed 
to 


generate 
an interrupt 
from some 
of these 
input pins as 


follows: 


BIT 07: TEST 4 
This bit reflects the state of the TST 4 input. 


BIT 06: TEST 3 
This bit reflects the state of the TST3 input. 


BIT 05: TEST 2 
This bit reflects the state of the TST2 input. 


BIT 04: TEST 1 
This bit reflects the state of the TST1 input. 


BIT 03: SENSE 4 
This bit reflects the state of the SNS4 input. The 
MS095C02 
can be programmed 
to generate an 


interrupt 
whenever 
this input transitions 
(level 


change interrupt). 


BIT 02: SENSE 3 
This bit reflects the state of the SNS3 input. The 
MSD95C02 
can be programmed 
to generate an 
interrupt whenever this input transitions from high 
to low (negative edge triggered 
interrupt). 


BIT 01 : SENSE 2 
This bit reflects the state of the SNS2 input. The 
MS095C02 
can be programmed 
to generate an 


interrupt whenever this input transitions from high 
to low (negative edge triggered 
interrupt). 


BIT DO: SENSE 1 
This bit reflects the state of the SNS 1 input. The 
MS095C02 
can be programmed 
to generate an 


interrupt whenever this input transitions from high 
to low (negative edge triggered 
interrupt). 


MAXIMUM 
GUARANTEED 
RATINGS 


Operating 
Temperature 
Range 
0° to 70°C 
Storage Temperature 
Range 
- 55°C to + 150°C 
Lead Temperature 
(soldering, 
10 see) 
+ 300°C 


Positive Voltage on any Pin, with respect to Ground 
...........................................•............. 
Vee + 0.3V 
Negative Voltage on any Pin, with respect to Ground 
- 0.3V 
Maximum 
Voltage on Vee pin 
7.0V 


Stresses 
above those 
listed may cause 
permanent 
damage 
to the device. 
This is a stress 
rating only and functional 
operation 
of the 
device 
at these or any other condition 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


NOTE: 
When 
powering 
this device 
from laboratory 
or system power supplies, 
it is important 
that the "Maximum 
Guaranteed 
Ratings" 


not be exceeded, 
or device failure can result. Some power supplies 
exhibit voltage 
spikes or "glitches" 
on their outputs 
when AC power 
is switched 
off. In addition, 
voltage 
transients 
on the AC power line may appear on the DC output. 
If this possibility 
exists it is suggested 
that a clamp 
circuit 
be used. 


DC ELECTRICAL 
SPECIFICATIONS 
TA = O°C to 70°C, Vee = 5.0V, ± 5%) 


PARAMETER 
MIN 
TYP 
MAX 
UNITS 
COMMENTS 


SUPPLY CURRENT 


Ice 


ISTANDBY 


OUTPUT 
VOLTAGE 


High, VOH 
Low, VOL 


INPUT VOLTAGE 


High, VIH1 
High, VIH2 


Low, VIH1 
Low, VIH2 


INPUT LEAKAGE 


High,/'H 
Low, IlL 


Vee = 5.25V 
Vee = 5.25V 


IOH= -40f.lA 
IOL= 1.6mA 


Except OMACLK, 
RCLK, CTL3 
OMACLK, RCLK, CTL3 


Except OMACLK, RCLK, CTL3 
OMACLK, RCLK, CTL3 


VIH = 2.0\1, Except OMACLK, 
RCLK, CTL3 
VIH = 3.5V, OMACLK, 
RCLK, CTL3 
VIL = o.av, Except OMACLK, 
RCLK, CTL3 
VIL = 1.5V, DMACLK, 
RCLK, CTL3 


AC ELECTRICAL 
CHARACTERISTICS 
All minimum 
and maximum 
times are given assuming 
a 20MHz clock. If the time is clock dependent, 
then the equation 
is given under the comments 
column. This is to allow calculation 
of the time delays using slower clock rates. 


DATA 
PATH 
TIMING 


SYMBOL 
MIN 
MAX 
UNITS 
COMMENTS 


T, 
100 
ns 
ADDR TO DATA VALID 
(3xDMACLK) 
- 50 nsec 


T2 
0 
ns 
READ DATA HOLD FROM ADDR CHNG 


T3 
140 
ns 
OE PULSE WIDTH 
(3xDMACLK) 
-10 
nsec 


T4 
75 
ns 
OE TO READ DATA VALID 
(3xDMACLK) 
- 75 nsec 


T5 
35 
ns 
OE TO DATA HIGH IMPEDANCE 
(DMACLK) 
-15 
nsec 


T. 
100 
ns 
OE TO TRAILING 
EDGE OF DACK 
(2.5xDMACLK) 
- 25 nsec 


Tg 
15 
ns 
TRAILING 
EDGE OF DACK TO TRAILING 
EDGE OF OE 
(0.5xDMACLK) 
-10 
nsec 


TlO 
0 
ns 
ADDR SETUP TIME TO WE 


Tll 
25 
ns 
WRITE 
RECOVERY 
TIME 
(ADDR HOLD AFTER 
WE INACTIVE) 


(DMACLK 
- 25 nsec) 


T'2 
75 
ns 
WE PULSE WIDTH 
(2xDMACLK) 
- 25 nsec 


T'3 
40 
ns 
WRITE 
DATA SETUP TIME 
(DMACLK 
-10 
nsec) 


T'4 
25 
ns 
WRITE 
DATA HOLD TIME 


(DMACLK 
-10 
nsec) 


T'5 
85 
ns 
DACK TO TRAILING 
EDGE OF WE 


(2xDMACLK) 
-15 
nsec 


T'6 
10 
ns 
TRAILING 
EDGE OF WE TO TRAILING 
EDGE OF DACK 


(0.5xDMACLK) 
-10 
nsec 


Tn 
50 
ns 
DACK PULSE WIDTH 
HIGH 
(1.5xDMACLK) 
- 25 nsec 


T,. 
100 
ns 
DACK PULSE WIDTH 
LOW 
(2.5xDMACLK) 
- 25 nsec 


T,. 
85 
ns 
SO, S1 HOLD AFTER 
OE ACTIVE 


(2xDMACLK) 
-15 
nsec 


T'b 
85 
ns 
SO, S1 HOLD AFTER 
WE ACTIVE 


(2xDMACLK) 
-15 
nsec 


T,c 
85 
115 
ns 
SO, S1 VALID TO ADDRESS 
VALID 
(2xDMACLK) 
-15 
nsec (MIN) 
(2xDMACLK) 
+ 15 nsec (MAX) 


T'd 
185 
ns 
SO, S1 WIDTH 
(4xDMACLK) 
-15 
nsec 


T2• 
135 
ns 
WRITE 
HOLD AFTER 
OE ACTIVE 


(3xDMACLK) 
-15 
nsec 


T2b 
135 
ns 
WRITE 
HOLD AFTER 
WE ACTIVE 
(3xDMACLK) 
-15 
nsec 


T2c 
35 
65 
ns 
WRITE VALID TO ADDRESS 
VALID 


(1xDMACLK) 
-15 
nsec (MIN) 
(1xDMACLK) 
+ 15 nsec (MAX) 


T2d 
185 
ns 
WRITE 
WIDTH 


(4xDMACLK) 
-15 
nsec 


RAM to MSD 95C02 
-+1- External Device to RAM 


or RAM to External Device 
or MSD 95C02 to RAM 


FIGURE 11: DATA PATH TIMING 


SYMBOL 
MIN 
MAX 
UNITS 
COMMENTS 


T20 
50 
1000 
nsec 
DMACLK 
CYCLE TIME 


T2, 
20 
nsec 
DMACLK 
HIGH TIME 


T22 
20 
nsec 
DMACLK 
LOW TIME 


T23 
5 
nsec 
DMACLK 
RISE TIME 


T24 
5 
nsec 
DMACLK 
FALL TIME 


T25 
1.1xT20 
nsec 
DMAREO' CYCLE TIME (Note 1) 
T26 
20 
nsec 
DMAREO 
LOW TIME 


T27 
20 
nsec 
DMAREO 
HIGH TIME 


T26 
5 
nsec 
DMAREO 
RISE TIME 


T29 
5 
nsec 
DMAREO 
FALL TIME 


SYMBOL 
MIN 
MAX 
UNITS 
COMMENTS 


T, 
48 
nsec 
CYCLE TIME 


T2 
0.40 T1 
nsec 
HIGH TIME 


To 
0.40 T1 
nsec 
LOW TIME 


T. 
5 
nsec 
RISE TIME 


Ts 
5 
nsec 
FALL TIME 


T6 
(TBD) 
nsec 
DATA SETUP TIME 


T7 
(TBD) 
nsec 
DATA HOLD TIME 


To 
0.75 T1 
1.25 T1 
nsec 
CYCLE TIME 


Tg 
10 
nsec 
WDATA VALID TO EARLY, LATE 


Tga 
10 
nsec 
EARLY, LATE VALID TO WDATA VALID 


TlO 
0.5 T1 
nsec 
Hold from trailing edge of WDATA 


Tll 
2xT1-20 
nsec 
Active time 


WDATA 
(NRZ) 


WDATA 


(Pulse Mode) 
I 
T,I 


T,,-.1l.r -.1,01- 
r-Tn--j 


Etf~Y~ 
\ 
~/ 
L 


RIW 
RD 


SYMBOL 
OS 
WR 
UNITS 
COMMENTS 


T, 
45 
45 
nsec min 
ALE (AS) ACTIVE 
PULSE WIDTH 


T2 
30 
30 
nsec min 
ADDRESS 
VALID TO ALE INACTIVE 


T3 
15 
15 
nsec min 
ALE INACTIVE 
TO ADDRESS 
INVALID 


T4 
120 
120 
nsec min 
READ STROBE 
LOW PULSE WIDTH 


T5 
70 
115 
nsec MAX 
RD (OS) ACTIVE 
TO READ DATA VALID 


T6 
10 
10 
nsec min 
READ DATA HOLD FROM RD (OS) HIGH 


T7 
110 
110 
nsec min 
WRITE 
STROBE 
LOW PULSE WIDTH 


TB 
135 
135 
nsec min 
WRITE 
DATA VALID TO WR~S)J!:::!ACTIVE 


T. 
25 
25 
nsec min 
WRIT£.PATA 
HOLD FROM WR (OS) INACTIVE 


TlO 
20 
20 
nsec min 
ALE (A§) INACTIVE 
TO READ STROBE 
ACTIVE 


Tll 
20 
20 
nsec min 
ALE ~S) 
INACTIVE 
TO WRITE 
STROBE 
ACTIVE 


T'2 
0 
0 
nsec min 
RD (Q§) INACTIVE 
TO ALE ACTIVE 


T'3 
0 
0 
nsec min 
WR (OS) INACTIVE 
TO ALE ACTIVE 


T'4 
0 
0 
nsec MAX 
C~VALID 
TO RD, WR OR OS 


T'5 
0 
0 
nsec min 
RIW VALID TO ALE (AS) INACTIVE 


========):_T_'5 
__ - 
T_,_0 
-_- 
T, 
-__ 
T_,_,-"'---7----~ 


FIGURE 15: MICROPROCESSOR 
INTERFACE TIMING (READ) 
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I ~T15'" 
+---Tll~ 
"'---T,--- .•. 
....-T13--. 
RtW---·\ 


SYMBOL 
MIN 
MAX 
UNITS 
COMMENTS 


T40 
(TBD) 
nsec 
Write gate setup to AMENA 


T40a 
8xWCLK 
nsec 
Write gate active time 


T41 
(TBD) 
nsec 
Write gate hold after AMENA 


T42 
8xWCLK 
nsec 
AMENA active time 


T43 
50 
nsec 
Index active time 


T44 
(TBD) 
nsec 
AMENA TO AMFND 


T45 
(TBD) 
nsec 
AMENA 
inactive to AMFND inactive 


T•• 
50 
nsec 
AMFND active time 


T47 
(TBD) 
nsec 
AMFND active to RGATE active 


T49 
25 
nsec 
RDATA active time 


Tso 
12 
nsec 
RDATA setup to 2xRCLK 


T51 
12 
nsec 
RDATA hold from 2xRCLK 


T52 
25 
nsec 
SNS1 active time 


T53 
25 
nsec 
TST3 active time 


T54 
25 
nsec 
SNS2 active time 


T55 
25 
nsec 
SNS3 active time 


T50 
25 
nsec 
SNS4 active time 


T57 
25 
nsec 
TST2 active time 


Tsa 
1 
fLsec 
RST active time 


T59 
0 
nsec 
LPS active time (Note 1) 
T60a 
8xWCLK 
nsec 
RGATE active time 


NOTE 1 


If the chip is at idle, then the time from LPS becoming 
active until the chip actually enters the low power mode is the 
longest of the following 
times: 


1. (2 x (2XRCLK)) 
+ 200nsec 


2. (2 x (WRFCLK)) 
+ 200nsec 


3. (0.5 x (DMACLK)) 
+ 200nsec 


~' / 
'1' 
\ 


AMENA -.1 


~ 


44 


T•• 


• 


AMFND 
1 


RGATE 
~ 


\6'\ 


ATEN/WF_LT 
__ 
I 
\ 
~T,,~'~-- 
~T~-f'---- 


Read Address 
Mark Timing 


FIGURE 17: DISK INTERFACE TIMING 1 


READY 
f 
\ 
------Jf--T56~\'--- 


ECCERR 
~j 
\ 
f-- T 


57----.11------ 
_f--Tsa-I 
RST 
\'- 
~l~---------- 
LPS-_~t-T.-ir--- 


RGATE 
/ 
\ 
~f--T60-J\'--- 


FIGURE 19: DISK INTERFACE TIMING 3 
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APPENDIX 
1-SAMPLE 
MICROPROGRAMS: 
1-FORMAT 
COMMAND 


The following 
description 
and microprogram 
will format a 
Hard disk with the following 
format: 


INDEX-fl 
1L 


!GAP 11SYNCIMCIAM 
ICYL IHD ISEC ICRC IGAP21SYNC 
IMC IDM IDATA IECC IGAP31GAP41 


( 
REPEATED 
N TIMES 
) 


All of the following 
variables 
can contain any data and be 
For 
the 
microprogram 
shown 
below, 
the 
DESIRED 
microprogrammed 
for any length (in bytes). 
REGISTER 
FILE is loaded as follows: 


GAP1-Post 
index gap. 


SYNC-The 
PLO SYNC (preamble) 
field. 
MC-Missing 
clock pattern. 
AM-Address 
mark. 
CYL-Cylinder 
number. 


HD-Head 
number. 


SEC-Sector 
number. 
CRC-One 
of several selectable 
check bytes. 
GAP2-Header 
to data gap. 


DM-Data 
mark. 
DATA-The 
data field. 
ECC-One 
of 2 selectable 
ECC codes. 


GAP3-Post 
data field gap. 


GAP4-Pre 
index gap. 


N- 
The number of sectors per track. 


Prior to executing 
the format 
command 
with the defined 
microprogram 
written 
in the Microprogram 
RAM, the local 
processor 
should load the DESIRED 
REGISTER 
FILE with 
the data to be used in each of the defined fields in the format. 
The microprogram 
will point to these preloaded values, via 
the register pointer field, to permit the data to be transferred 
to the ENCODER/DECODER 
block and finally out to the 
disk. The Local Processor 
should also load the Ring Buffer 
with the TRACK, 
HEAD and SECTOR 
of all the sectors to 
be formatted 
in consecutive 
locations 
as follows: 


RING BUFFER 
LOCATION 


0000 
0001 
0002 


DATA 


TRACK # 
HEAD# 
SECTOR 
# FOR FIRST 
SECTOR 
AFTER 
INDEX 
TRACK # 
HEAD# 
SECTOR 
# FOR SECOND 
SECTOR 
AFTER 
INDEX 
o 
o 
o 
TRACK # 
HEAD# 
SECTOR 
# FOR LAST 
o 
SECTOR 
ON THE TRACK 


This format 
table 
can start at any Ring Buffer 
memory 
address. 


The Local Processor 
should also set the DISK ADDRESS 
Register in the DMA block to the first address in this ID format 
sequence. 
In this case it would be address 0000. The track 
number, head number and sector number may be merged 
into two bytes as a function of the disk format used. 


0003 
0004 
0005 


DESIRED 
REGISTER 
LABEL 
ADDRESS 
CONTENTS 
COMMENTS 


M(GAP1) 
OC 
HEX 
4E 
HEX 
DATA IN GAP 1 
M(SYNC) 
OA 
HEX 
00 
HEX 
DATA IN SYNC 
FIELD 
M(MC) 
OB 
HEX 
A1 
HEX 
MISSING 
CLOCK 


PATTERN 
M(GAP2) 
OC 
HEX 
4E 
HEX 
DATA IN GAP2 


M(AM) 
OE 
HEX 
FE 
HEX 
ADDRESS 
MARK 


DATA 
SLEW 
OF 
HEX 
EO 
HEX 
2'S COMP, 
OF # 


OF SECTORS 
(16) TO BE 
WRITTEN 
M(DM) 
09 
HEX 
FB 
HEX 
DATA MARK 
DATA 
M(FDAT) 
08 
HEX 
E5 
HEX 
FORMAT 
DATA 
M(GAP3) 
OC 
HEX 
4E 
HEX 
DATA IN GAP3 
M(GAP4) 
OC 
HEX 
4E 
HEX 
DATA IN GAP4 


In addition, the following 
variables, which control the length 
of each 
field 
in the format 
command, 
are assigned 
the 
specified 
values for this microprogram: 


ASSIGNED 
VARIABLE 
VALUE 
COMMENTS 


GAP 1 
10 HEX 
LENGTH 
OF GAP 1 
GAP2 
03 
HEX 
LENGTH 
OF GAP 2 
GAP3 
12 HEX 
LENGTH 
OF GAP 3 
PLO 
OD HEX 
LENGTH 
OF PLO SYNC 


FIELD 
DTFLD 
04 
HEX 
LENGTH 
OF DATA FIELD 
(128 X 4 = 512) 
CRC 
02 
HEX 
LENGTH 
OF CRC 
FIELD 
(USES 
CRC-16) 
ECC 
04 
HEX 
LENGTH 
OF ECC FIELD 
(USES 
ECC-32) 


This example assumes that the INDEX pulse from the drive 
is input on TST1. 


The microcode 
is loaded 
by the local processor 
in byte 
address space 80H to FFH according 
to table 13. 


LOCAL 
PROCESSOR 
DATA 
ADDRESS 
(A7-AO) 
(D7-DO) 


1XXXXXOO 
OUT 3-0, EXT 3-0 
1 XXXXXO 
1 
REGISTER 
DECREMENT 
(PEN), 


COUNT 
6-0 
1XXXXX10 
TEST 
3-0, REGISTER 
POINTER 
3-0 (POINT) 


1 XXXXX11 
SEQ 2-0, ADDR 
4-0. 


TABLE 13: LOCAL PROCESSOR 
TO MICROCODE 
ADDRESS 
MAPPING 


INST# 
LABEL 
SEQ 
ADDR 
TEST 
POINT 
PEN 
COUNT 
OUT 
EXT 


00 
START 
TSJ 
START 
ONE 
0 
0 
4-1 
0 
SGOFF 


01 
WAIT 
TSJ 
WAIT 
TST1 
0 
0 
GAP1-1 
0 
0 


02 
BEGIN 
SHLP 
0 
ZERO 
M(GAP1) 
0 
PLO-1 
FREG 
WGON 


03 
SHLP 
0 
ZERO 
M(SYNC) 
0 
1-1 
WPRE 
CRC16 


04 
SHLP 
0 
ZERO 
M(MC) 
0 
1-1 
WMISS 
0 


05 
SHLP 
0 
ZERO 
M(AM) 
0 
3-1 
FREG 
SWDG 


06 
SHLP 
0 
ZERO 
0 
0 
CRC-2 
0 
0 


07 
SHLP 
0 
ZERO 
SLEW 
0 
1-1 
WCRC 
INCE 


08 
SHLP 
0 
ZERO 
0 
0 
GAP2-1 
WCRC 
0 


09 
SHLP 
0 
ZERO 
M(GAP2) 
0 
PLO-1 
FREG 
ECC32 


OA 
SHLP 
0 
ZERO 
M(SYNC) 
0 
1-1 
WPRE 
0 


OB 
SHLP 
0 
ZERO 
M(MC) 
0 
1-1 
WMISS 
0 


OC 
SHLP 
0 
ZERO 
M(DM) 
0 
DTFLD-1 
FREG 
0 


OD 
LGLP 
0 
ZERO 
M(FDAT) 
0 
ECC-1 
FREG 
0 


OE 
SHLP 
0 
ZERO 
0 
0 
1-1 
WCRC 
0 


OF 
CI 
OUT 
XEND 
SLEW 
0 
1-1 
FREG 
0 


10 
TSJ 
BEGIN 
ZERO 
M(SYNC) 
0 
GAP3-1 
FREG 
0 


11 
OUT 
TSJ 
OUT 
TST1 
M(GAP4) 
0 
1-1 
FREG 
0 


12 
SHLP 
0 
ZERO 
M(GAP4) 
0 
1-1 
FREG 
SGOFF 


13 
LAST 
CI 
LAST 
ONE 
0 
0 
1-1 
DNINT 
SGOFF 


COMMENTS: 
D31-DO is the actual assembled 
microcode 
loaded into the microprogram 
RAM. 


INST# 
D31-DO 
COMMENTS 


00 
OC03 
FO 80 
ENSURE 
THAT READ AND WRITE GATE ARE OFF. 


01 
00 OF 7081 
WAIT FOR INDEX AND THEN GO TO NEXT INSTRUCTION. 


02 
6F OCOCOO 
RAISE WRITE 
GATE; WRITE 
GAP 1 DATA FOR GAP 1 TIME. 


03 
4A 00 OA 00 
WRITE 
PLO SYNC (PREAMBLE) 
DATA FOR PLO TIME. 


04 
5000 
OB 00 
WRITE 
MISSING 
CLOCK 
PATTERN USING MISSING 
CLOCK 
DATA 
FOR 1 BYTE TIME. 


05 
61 02 OE 00 
WRITE ADDRESS 
MARK DATA FOR 1 BYTE TIME. 
PREPARE 
TRANSFER 
OF DATA 
FROM RING BUFFER 
TO DISK AT NEXT INSTRUCTION 
VIA SWDG. 


06 
00000000 
TRANSFER 
TWO CONSECUTIVE 
BYTES 
FROM RING BUFFER 
AS SPECIFIED 
BY 
THE DISK ADDRESS 
REGISTER 
TO THE DISK; THESE 
TWO BYTES 
CONTAIN 
THE 
HEAD #, TRACK 
# AND SECTOR 
#. 


07 
9E 00 OF 00 
WRITt: 
THE FIRST BYTE OF THE CRC; INCREMENT 
CONTENTS 
OF THE 
DESIRED 
REGISTER 
LOCATION 
LABELED 
SLEW TO LATER CHECK 
FOR THE 
END OF THE FORMAT COMMAND. 


08 
90020000 
WRITE 
SECOND 
BYTE OF THE CRC. 


09 
6B OCOO 00 
WRITE 
GAP 2 DATA FOR GAP 2 TIME; 
PRESET 
ECC GENERATOR. 


OA 
4000 
OA 00 
WRITE 
PLO SYNC (PREAMBLE) 
DATA FOR PLO SYNC TIME. 


OB 
5000 
OB 00 
WRITE 
MISSING 
CLOCK 
PATTERN USING MISSING 
CLOCK 
DATA 
FOR 1 BYTE TIME. 


OC 
60030900 
WRITE 
DATA MARK DATA FOR 1 BYTE TIME. 


OD 
60030820 
WRITE 
FORMAT 
DATA IN DATA FIELD FOR 512 BYTE TIMES. 


OE 
90000000 
WRITE A FOUR BYTE ECC. 


OF 
6000 
AF71 
CHECK 
FOR END OF COMMAND 
VIA XEND; 
IF END, GO TO OUT; ELSE GO 
TO NEXT INSTRUCTION. 


10 
6011 
OA 82 
WRITE 
1 BYTE OF SYNC DATA AFTER 
ECC; GO TO BEGIN. 


11 
60004C91 
WRITE 
A 4E UNTIL INDEX. 


12 
6COO OCOO 
WRITE 
ONE MORE BYTE OF 4E; RESET WRITE 
GATE AS INSTRUCTION 


IS EXITED. 


13 
FCOO FO 73 
SET THE DONE INTERRUPT 
TO THE LOCAL PROCESSOR; 
THE 
MICROSEQUENCER 
WILL STOP HERE. 


2-READ 
AND 
WRITE 
COMMANDS 
FOR 
ST-506 
FORMATTED DISKS 


Prior to executing 
a READ or WRITE command, 
using the 
defined microprogram 
written in the Microprogram 
RAM, the 
Local 
Processor 
should 
load the DESIRED 
REGISTER 
FILE with the parameters 
used during the execution of the 
microprogram. 
The 
microprogram 
will 
point 
to these 
preloaded 
values, via the register pointer field, to permitthe 


data to be transferred 
to the ENCODER/DECODER 
block 


and finally out to the disk. The Local Processor 
should also 
set up the appropriate 
DMA address and function registers 
and specify 
disk direction, 
External 
Device direction, 
and 


initialize 
the zero status 
bit in the START 
COMMAND 


Register prior to execution 
of microprogram. 


For the microprogram 
shown, 
the DESIRED 
REGISTER 


FILE is loaded as follows: 


LABEL 
DESIRED 
REGISTER 
ADDRESS 
CONTENTS 
COMMENTS 


XFER 
00 HEX 
BE HEX 
USED AS DISK DMA FUNCTION 
REGISTER 
DATA TO MOVE DISK ADDRESS 
REGISTER 
TO 


DISK ADDRESS 
IN DMA BLOCK. 


ADDC1 
01 HEX 
11 HEX 
USED AS DISK DMA FUNCTION 
REGISTER 
DATA TO ADD CONSTANT 
1 TO OFFSET 
COUNTER 
IN THE DMA BLOCK. 


ADDC2 
02 HEX 
1B HEX 
USED AS DISK DMA FUNCTION 
REGISTER 


DATA TO CHECK 
FOR OVERFLOW 
OF THE 
SUM OFFSET 
COUNTER 
PLUS CONSTANT 
2 


IN THE DMA BLOCK. 


M(DM) 
03 HEX 
FB HEX 
DATA MARK DATA. 


M(AM) 
04 HEX 
FE HEX 
ADDRESS 
MARK DATA. 


M(SYNC) 
05 HEX 
00 
HEX 
DATA IN SYNC FIELD. 


M(MC) 
06 HEX 
A1 HEX 
MISSING 
CLOCK 
PATTERN. 


SIZE 
07 HEX 
- 
NOT IMPLEMENTED 
BUT CAN INDICATE 
THE 


SIZE OF THE SECTOR 
(0,1,2,3, 
FOR 
SECTOR 
SIZES OF 128, 256, 512 AND 1024 


RESPECTIVELY). 


RETRY 
08 HEX 
- 
NOT IMPLEMENTED 
BUT CAN BE USED AS A 


RETRY COUNT 
WHEN 
ENCOUNTERING 
SOFT 


ERRORS 
DURING 
A READ COMMAND. 
LOADED 
WITH THE 2'S COMPLEMENT. 


SLEW 
09 HEX 
- 
VARIABLE 
LOADED 
BY THE LOCAL 
PROCESSOR 
INDICATING 
THE NUMBER 
OF 


SECTORS 
TO BE READ OR WRITTEN 
DURING 


THE COMMAND 
EXECUTION. 
LOADED 
WITH 


THE 2'S COMPLEMENT. 


SSECT 
OA HEX 
- 
INITIALIZED 
WITH THE STARTING 
SECTOR 


NUMBER 
IN THE TRANSFER. 


HEAD 
OB HEX 
- 
INITIALIZED 
WITH THE HEAD NUMBER 
TO BE 


OPERATED 
ON. 


TRACK 
OC HEX 
- 
INITIALIZED 
WITH THE TRACK 
NUMBER 
TO 


BE OPERATED 
ON. 


In addition, 
the following 
variables, 
which are loaded into 


the loop counter 
to control the length of each instruction, 


are assigned 
the specified 
values for this microprogram: 


VARIABLE 
ASSIGNED 
VALUE 
COMMENTS 


PLO 
00 HEX 
LENGTH 
OF PLO SYNC FIELD 


DTFLD 
04 HEX 
LENGTH 
OF DATA FIELD (128 X 4 = 512) 


CRC 
02 HEX 
LENGTH 
OF CRC FIELD (USES CRC-16) 
ECC 
04 HEX 
LENGTH 
OF ECC FIELD (USES 
ECC-32) 


DTPAD 
04 HEX 
LENGTH 
OF DATA PAD AT END OF DATA FIELD 


V~ 
,~ 
VI 
1'-1 
,.n 
VI~~ 
V 
v 
1.:;0-1 
V 
\:l,...nc 


03 
TSJ 
NEXT 
SYNC 
0 
0 
PLO-1 
0 
SMC 


04 
TSJ 
NEXT 
SYNC 
0 
0 
1-1 
0 
0 
05 
TSJ 
ID 
EQ8 
M(AM) 
0 
2-1 
0 
0 


06 
CI 
STP 
LNEQ 
HEAD 
1 
1-1 
0 
TREG 


07 
TSJ 
ID 
EQ8 
SSECT 
0 
CRC-1 
0 
SRCRC 
08 
SHLP 
WT 
CMD 
0 
0 
1-1 
0 
SGOFF 


09 
RC 
STP 
NDERR 
0 
0 
PLO-1 
0 
ECC32 
OA 
WT 
SHLP 
0 
ZERO 
M(SYNC) 
0 
1-1 
WPRE 
WGON 
OB 
SHLP 
0 
ZERO 
M(MC) 
0 
1-1 
WMISS 
0 


OC 
SHLP 
0 
ZERO 
M(DM) 
0 
4-1 
FREG 
SWDG 
OD 
LGLP 
0 
ZERO 
0 
0 
ECC-1 
0 
0 


OE 
SHLP 
0 
ZERO 
0 
0 
DTPAD-1 
WCRC 
0 


OF 
TSJ 
HSKP 
ZERO 
M(SYNC) 
0 
1-1 
FREG 
SGOFF 


10 
RA 
TSJ 
0 
ONE 
0 
0 
2*PLO-1 
0 
SPRE 


11 
TSC 
STP 
SYNC 
0 
0 
2*PLO-1 
0 
SMC 


12 
TSC 
STP 
SYNC 
0 
0 
1-1 
0 
0 


13 
TSC 
STP 
EQ8 
M(DM) 
0 
DTFLD-1 
0 
0 


14 
LGLP 
0 
ZERO 
0 
0 
ECC-1 
RDG 
SRCRC 
15 
SHLP 
0 
ZERO 
0 
1 
1-1 
0 
SGOFF 


16 
CI 
HSKP 
NDERR 
3 
0 
ECC-2 
SNDRM 
0 


17 
XERR 
SHLP 
0 
ZERO 
0 
1 
1-1 
SNDRM 
0 


18 
TSJ 
0 
ONE 
XFER 
0 
1-1 
PREQ1 
0 


19 
TSJ 
0 
ONE 
0 
0 
1-1 
PINTO 
0 


1A 
HSKP 
TSJ 
0 
ONE 
SLEW 
0 
1-1 
0 
INCE 


1B 
SHLP 
ID 
ONE 
ADDC1 
0 
1-1 
PREQ1 
ZRCLR 
1C 
CI 
STP 
XEND 
SSECT 
0 
1-1 
0 
INCE 


10 
CKFULL 
TSJ 
STP 
NTP2 
ADDC2 
0 
1-1 
PREQ1 
0 


1E 
RC 
CKFULL 
NOVFLW 
0 
0 
6-1 
0 
0 


1F 
STP 
TSJ 
0 
ZERO 
0 
0 
0 
DNINT 
SGOFF 


INST# 
D31-DO 
COMMENTS 


00 
OA 00 FO 81 
PRESET 
THE CRC CHECKER. 


01 
OC 05 FO 82 
SHUT 
READ GATE AND WRITE 
GATE OFF. 


02 
05 7F FO 10 
WAIT HERE FOR 6 BYTE TIMES; 
PUT RA (INST #10) 
ON STACK. SET READ GATE 


AND START LOOKING 
FOR PLO SYNC (PREAMBLE) 
AS INSTRUCTION 
IS EXITED 
(VIA SPRE). 


03 
06 OC 20 80 
LOOK FOR ALL O'S; WAIT 128 BYTE TIMES; 
IF FOUND, 
GO TO NEXT 
INSTRUCTION; 
ELSE, GO TO NEXT (INST #1). 


04 
00002080 
LOOK FOR THE MISSING 
CLOCK 
PATTERN 
FOR THE PLO TIME; 
IF FOUND, 
GO 
TO NEXT INSTRUCTION; 
ELSE, GO TO NEXT (INST #1). 


05 
0001 
8482 
LOOK FOR AN "FE" ADDRESS 
MARK VIA 8 BIT COMPARE 
(EQ8). 
IF FOUND, 
GO 
TO NEXT INSTRUCTION; 
ELSE, GO TO ID (INST #2). 


06 
0880 
9B 7F 
LOOK FOR TRACK 
AND HEAD COMPARE; 
IF COMPARE, 
GO TO NEXT 
INSTRUCTION; 
ELSE, GO TO STP (INST #1 F). THIS BRANCH 
MEANS 
THAT THE 


DISK IS ON THE WRONG 
TRACK. 
AT INSTRUCTION 
STP, THE LOCAL 
PROCESSOR 
WILL BE INTERRUPTED; 
READING 
THE PC REGISTER 
WILL TELL 


THE PROCESSOR 
THAT THE INTERRUPT 
WAS GENERATED 
BY THIS 
INSTRUCTION; 
A STEP ROUTINE 
WILL USUALLY 
BE EXECUTED 
BY THE LOCAL 


PROCESSOR. 
ALSO, THE TRACK AND HEAD NUMBER 
FROM THE DISK IS SAVED 


IN THE CURRENT 
REGISTER 
FILE. 


07 
0201 
8A 82 
LOOK FOR SECTOR 
NUMBER 
COMPARE; 
IF COMPARE 
WITH 
DESIRED 
SECTOR 
(IN DESIRED 
REGISTER 
FILE), GO TO NEXT INSTRUCTION; 
ELSE, GO TO ID 


(INST #2). 


08 
OC 00 CO OA 
TEST 
FOR READ OR WRITE 
COMMAND. 
IF WRITE 
COMMAND, 
PUT WT (INST 


#OA) ON STACK (INST #02 
PUT RA ON STACK PREVIOUSLY). 
AS INSTRUCTION 


IS EXITED, TURN OFF READ GATE. THE CRC IS CHECKED 
HERE. 


INST# 
D31-DO 
COMMENTS 


09 
OB OC 30 5F 
CHECK 
FOR GOOD CRC. IF GOOD, LOAD THE STACK TO THE PC (GO TO EITHER 
RA OR WT). ELSE, GO TO STP (INST #F) TO END THE COMMAND. 
A RETRY CAN 
BE IMPLEMENTED 
IF DESIRED 
TO ATTEMPT 
TO READ THE ID A NUMBER 
OF 
TIMES. 


OA 
4F 00 05 00 
THIS IS THE START OF THE WRITE 
ROUTINE; 
TURN WRITE 
GATE ON AND 
WRITE 
THE PLO SYNC (PREAMBLE) 
FIELD, PLO TIMES. 


OB 
50000600 
WRITE 
THE MISSING 
CLOCK 
PATTERN. 


OC 
61030300 
WRITE THE DATA MARK PATTERN. 
PREPARE 
DMA TRANSFER 
OF DATA FIELD 
FROM RING BUFFER 
AT NEXT INSTRUCTION. 


OD 
00030020 
TRANSFER 
RING BUFFER 
DATA TO DISK FOR 4X128 TIMES. 


OE 
90030000 
WRITE THE FOUR BYTE ECC FIELD. 


OF 
6C 00 05 9A 
WRITE A FOUR BYTE DATA PAD AFTER 
THE ECC BYTES. 
GO TO HSKP (INST 
#1A; 
HOUSEKEEPING) 
FOR DMA UPDATES. TURN OFF WRITE 
GATE. 


10 
0519 
FO 80 
THIS IS THE START OF THE READ COMMAND. 
PREPARE 
TO LOOK FOR ALL PLO 


SYNC FIELD. RAISE 
READ GATE AS INSTRUCTION 
IS EXITED. 


11 
061920 
BF 
LOOK FOR PLO SYNC (PREAMBLE) 
FOR 2 X PLO TIME. 
IF FOUND, 
GO TO NEXT 
INSTRUCTION; 
ELSE, GO TO STP (INST #1F) 
WHICH 
WILL END THE COMMAND 
VIA A LOCAL PROCESSOR 
INTERRUPT. 
THE VALUE IN THE PC WILL INDICATE 
TO THE LOCAL PROCESSOR 
THAT A PLO SYNC (PREAMBLE) 
OF ALL O'S WAS 
NOT FOUND 
IN THE ALLOTTED 
TIME AFTER 
A VALID ID WAS FOUND. 


12 
0001 
20 BF 
LOOK FOR MISSING 
CLOCK 
PATTERN 
FOR 2 X PLO TIME. 
IF FOUND, 
GO TO 
NEXT INSTRUCTION; 
ELSE, GO TO STP (INST #1 F) WHICH 
WILL END THE 
COMMAND 
VIA A LOCAL PROCESSOR 
INTERRUPT. 
THE VALUE IN THE PC WILL 
INDICATE TO THE LOCAL PROCESSOR 
THAT A MISSING 
CLOCK 
PATTERN 
WAS 
NOT FOUND 
IN THE ALLOTTED 
TIME AFTER 
A PLO SYNC (PREAMBLE) 
WAS 
FOUND. 


13 
000383 
BF 
LOOK FOR "FB" 
DATA MARK. 
IF FOUND, GO TO NEXT INSTRUCTION; 
ELSE, GO 
TO STP (INST #1 F) WHICH 
WILL END THE COMMAND 
VIA A LOCAL PROCESSOR 
INTERRUPT. 
THE VALUE IN THE PC WILL INDICATE TO THE LOCAL 
PROCESSOR 
THAT A DATA MARK WAS NOT FOUND AFTER 
A MISSING 
CLOCK 
PATTERN. 


14 
22030020 
START THE TRANSFER 
OF DATA FROM THE DISK TO THE RING BUFFER 
VIA THE 


SIGNAL 
RDG WHICH 
REQUEST 
CHANNEL 
ACCESS 
TO THE RING BUFFER. 
THE 
DMA ADDRESS 
WILL AUTOMATICALLY 
BE INCREMENTED. 
START THE 
CHECKING 
OF THE ECC AS THIS INSTRUCTION 
IS EXITED. 


15 
OC 80 00 00 
TRANSFER 
THE ECC BYTES TO THE CURRENT 
REGISTER 
FILE ADDRESSES 
3, 


2, 1 AND O. TURN OFF READ GATE AS INSTRUCTION 
IS EXITED. 


16 
7002337A 
CHECK 
FOR ECC ERROR. 
IF ERROR, 
GO TO NEXT INSTRUCTION; 
ELSE, GO TO 
HSKP (INST #1A; 
HOUSEKEEPING). 
TRANSFER 
FIRST ECC SYNDROME 
INTO 
CURRENT 
REGISTER 
FILE LOCATION 
3. 


17 
70800000 
THIS INSTRUCTION 
IS ENTERED 
IF AN ECC ERROR 
IS FOUND. TRANSFER 
THE 
REMAINING 
3 BYTES OF ECC SYNDROME 
INTO CURRENT 
REGISTER 
LOCATIONS 
2,1, 
AND O. 


18 
8000 
FO 80 
SINCE 
DATA WAS BAD, REINITIALIZE 
THE DMA DISK ADDRESS 
REGISTER 
BACK 
TO THE BEGINNING 
OF THE SECTOR 
BY LOADING 
THE CONTENTS 
OF XFER (IN 
THE DESIRED 
REGISTER 
FILE), TO THE DMA DISK FUNCTION 
REGISTER 
CAUSING 
THE TRANSFER 
OF THE DISK REGISTER 
TO THE DISK ADDRESS. 


19 
CO 00 FO 80 
GENERATE 
AN INTERRUPT 
TO THE LOCAL PROCESSOR 
VIA PINTO WHICH 
IS 
USED FOR ECC ERROR 
INTERRUPTS. 
THIS INTERRUPT 
DELINKS 
THE OFFSET 
AND AUXILIARY 
OFFSET 
COUNTERS 
IN THE DMA BLOCK. 


1A 
OE 00 F980 
THIS IS THE START OF THE DMA HOUSEKEEPING 
FUNCTION. 
THE LOCATION 
IN 


THE DESIRED 
REGISTER 
FILE LABELED 
SLEW 
IS INCREMENTED. 
LATER A TEST 
IS DONE TO DETERMINE 
IF ALL THE SECTORS 
IN THE COMMAND 
HAVE BEEN 
READ OR WRITTEN. 


1B 
8D 00 F1 02 
ADD CONSTANT 
1 REGISTER 
TO THE OFFSET 
COUNTER. 
PUT ADDRESS 
ID 
(INST #2) ON STACK; CLEAR 
ZERO FLAGS 
IN DMA BLOCK. 


1C 
OE 00 AA 7F 
CHECK 
FOR END OF COMMAND 
VIA SLEW BEING 
INCREMENTED 
TO ZERO. 
IF 
END, GO TO STP (INST #1F); 
ELSE, GO TO NEXT INSTRUCTION. 
INCREMENT 
THE DESIRED 
REGISTER 
LOCATION 
CONTAINING 
THE SECTOR 
NUMBER 
TO BE 
OPERATED 
ON NEXT. 


INST# 
D31-DO 
COMMENTS 


10 
8000 
B2 9F 
ADD CONSTANT 
2 TO OFFSET 
COUNTER 
BUT DO NOT UPDATE THE OFFSET 


COUNTER. 
JUST UPDATE THE OVERFLOW 
BIT. IF TP2 IS A LOCIC ONE (NTP2 A 


ZERO), 
GO TO STP (INST #1 F) BECAUSE 
A HALT, ABNORMAL 
DATA MARK OR 
DELETED 
DATA MARK HAS BEEN ENCOUNTERED. 
ELSE, GO TO NEXT 
INSTRUCTION. 


1E 
0005 
DO 5D 
CHECK 
FOR OVERFLOW. 
IF OVERFLOW 
DURING 
WRITE, 
NO DATA IS 
CURRENTLY 
AVAILABLE 
TO WRITE; 
FOR READ, NO BUFFER 
SPACE IS 
AVAILABLE. 
IF OVERFLOW 
(NOVFLW=O), 
GO TO CKFULL 
TO RECALCULATE 
THE 


OVERFLOW 
STATUS; IF NO OVERFLOW 
(NOVFLW = 1), PUT THE STACK (WHICH 


CONTAINS 
LOCATION 
ID; INST #02)INTO 
THE PC AND LOOK FOR THE NEXT ID. 


1F 
FC 00 00 80 
THIS IS THE STOP LOCATION. 
A DONE INTERRUPT 
IS GENERATED 
TO THE 


LOCAL PROCESSOR 
AND THE READ AND WRITE 
GATES ARE TURNED 
OFF. THE 


MICROSEQUENCER 
IS STOPPED 
HERE BUT THE LOCAL PROCESSOR 
CAN 


READ THE PREVIOUS 
VALUE OF THE PC (THE LOCATION 
OF THE INSTRUCTION 


THAT BRANCHED 
TO HERE) VIA STATUS REGISTER 
3 BITS D4-DO TO 
DETERMINE 
HOW AND WHY THE COMMAND 
ENDED. 


APPENDIX 2-DMA 
OPERATION 
EXAMPLES 


It should be noted that a U>" indicates operations performed 
automatically 
by the MSD95C02. 


EXAMPLE 
1-LOCAL 
PROCESSOR 
LOADS 
DMA 
ADDRESS 
INTO DMA REGISTER 
FILE: 


1. Write 
DMA 
FUNCTION 
Register 
to 
configure 
for 
MAILBOX --->LOCAL PROCESSOR 
ADDR. 


2a. Write 
DMA 
address 
MSB data to MAILBOX 
HIGH 


Register. 


2b. Write 
DMA 
address 
LSB 
data 
to MAILBOX 
LOW 


Register. 


This operation 
triggers 
the next event by setting the cycle 


request latch. 
> transfer 
address 
data from 
Mailbox 
to DMA address 


register. 


EXAMPLE 
2-LOCAL 
PROCESSOR 
READS 
DMA 
ADDRESS: 


1. Write DMA FUNCTION 
Register to configure for LOCAL 


PROCESSOR 
ADDR --->MAILBOX. 


The transfer will take place automatically 
after this step as 


follows: 
> transfer 
address 
data from 
DMA address 
register 
to 


Mailbox. 


Local processor 
may r~ad DMA address data MSB's from 


the MAILBOX 
HIGH Register and DMA address data LSB's 


from the MAILBOX 
LOW Register. Bit 1 (REQUEST 
1) of 


STATUS 
1 Register 
can be used to determine 
when the 


operation 
is complete. 


2b. Write DMA address data to MAILBOX 
LOW Register. 


This operation 
triggers 
the following 
events by setting the 


cycle request latch. 
> Transfer 
address 
data from the mailbox 
to the DMA 


ADDRESS 
Register. 
> Output 
address 
data 
from 
LOCAL 
PROCESSOR 


ADDRESS 
Register to Ring Buffer. 


> Fetch data from Ring Buffer, leave in DATA Register and 


reset the cycle request latch. 


3. Write DMA FUNCTION 
Register to configure for LOCAL 


PROCESSOR 
ADDR. 
+ 1--->LOCAL 
PROCESSOR 


ADDR. 


4. Read 
DATA Register 
(set Cycle 
Request 
and 
Read 


latches) for data transfer. 


> MSD95C02 will output address data from LOCAL 


PROCESSOR 
ADDRESS 
Register 
to Ring 


Buffer. 


> MSD95C02 
will 
increment 
address 
data 
in 


LOCAL PROCESSOR 
ADDRESS 
Register. 
> MSD95C02 will input data from Ring Buffer, store 
it in the DATA Register and reset the cycle request 
latch. 


Data can be read sequentially 
by the local processor 
by 


continually 
reading 
the DATA Register. 
Each read of the 


DATA Register will automatically 
trigger 
a new ring buffer 


access 
cycle 
at the next sequentially 
located 
memory 


location. 


EXAMPLE 
3-LOCAL 
PROCESSOR 
READS 
EXAMPLE4-LOCAL 
PROCESSOR WRITES SEQUENTIAL 


SEQUENTIAL 
RING BUFFER 
DATA: 
DATA TO RING BUFFER: 


The local processor 
will initialize the Address location in the 
The Local Processor 
will initialize the address 
location 
in 
DMA address register with the starting ring buffer address. 
the DMA address register with the ring buffer address. The 
The MSD95C02 
will automatically 
fetch the data in that 
MSD95C02 
will automatically 
fetch the data in that location 
location 
and deposit 
it in the DATA Register. The Local 
and leave it in the DATA Register. The Local Processor 
may 
Processor 
may program 
the MSD95C02 
to increment 
the 
program 
the MSD95C02 
to increment 
the DMA address 
DMA address after every transfer via the DMA FUNCTION 
after every transfer via the DMA FUNCTION 
Register. This 
Register. 
This 
permits 
the 
Local 
Processor 
to 
read 
permits the Local Processor 
to sequentially 
write data into 
sequentially 
located 
data in the Ring Buffer without 
any 
the Ring Buffer without 
any address 
manipulation 
by the 


address manipulation 
by the Local Processor. 
Local Processor. 


1. Write 
DMA 
FUNCTION 
Register 
to 
configure 
for 
1. Write 
DMA 
FUNCTION 
Register 
to 
configure 
for 
MAILBOX---> LOCAL PROCESSOR 
ADDR. 
MAILBOX---> LOCAL PROCESSOR 
ADDRESS. 


2a. Write DMA address data to MAILBOX 
HIGH Register. 
2a. Write DMA address data to MAILBOX 
HIGH Register. 


730 


2. Write DMA address data to MAILBOX 
LOW Register. 


This operation 
triggers 
the next event by setting the cycle 


request latch. 
> Transfer 
address 
data from 
Mailbox 
to DMA address 
register. 
> Output address data from DMA address register to Ring 
Buffer. 


> Fetch data from Ring Buffer and leave in DATA Register; 


Reset cycle request latch. 


3. Write DMA FUNCTION 
Register to configure for LOCAL 
PROCESSOR 
ADDRESS 
+ 1 -> LOCAL PROCESSOR 


ADDRESS. 


4. Write 
to DATA Register 
(set Cycle Request 
and Write 


latches) for data transfer. 


> output address data from DMA address register 


to Ring Buffer. 
> increment address data in DMA address register. 
> output data from DATA Register to Ring Buffer 


and reset the cycle request latch. 


Data can be written sequentially 
by the local processor 
by 
continually 
writing the DATA Register. Each write to DATA 
Register will automatically 
trigger a new ring buffer access 


cycle at the next sequentially 
located memory location. 


EXAMPLE 
5-DATA 
IS READ 
FROM 
THE 
DISK 
AND 
WRIDEN 
INTO THE RING BUFFER AND 
SIMULTANEOUSLY, 
DATA 
IS 
READ 
FROM THE 
RING 
BUFFER 
OUT OVER 
THE EXTERNAL 
CHANNEL 
(SCSI): 


This function of filling the Ring Buffer from the disk data and 
emptying the Ring Buffer over the external channel involves 
two 
independent 
and 
simultaneous 
operations. 
The 


description 
of this example will explain the local processor's 


involvement 
in this 
example. 
It is the role of the local 


processor 
to set up the DMA controller 
block such that the 


two operations 
can take place. Once the external channel's 
DMA registers 
are set up, the operation 
involves a simple 
DMA request-acknowledge 
handshake to empty the buffer. 


Automatic throttling on the DMA acknowledge to the external 
channel will occur as described 
in the section on the DMA 
block operation. 


In addition, 
there is a MICROSEQUENCER 
routine that is 


executed when the Local Processor 
causes a command 
to 
be started. The details of the MICROSEQUENCER 
routine 


is described 
in appendix 
1. 


It is the role of the Local Processor 
to initialize the OFFSET 


and AUXILIARY 
OFFSET 
COUNTERs, 
CONSTANT 
1 and 


CONSTANT 
2 Registers, 
as well as the starting ring buffer 


addresses 
for the disk and external 
channel 
data. The 


MICROSEQUENCER 
will assume that these registers are 
initialized 
and use then accordingly 
to calculate 
buffer full/ 


empty status which is used to automatically throttle the DMA 
request 
coming 
from 
the disk, 
which 
are initiated 
and 


controlled 
by the MICROSEQUENCER, 
and the External 


Device DMA requests. 


For this example, 
it is assumed 
that the sector size is 512, 
and the ring buffer size is 2K. 


1. The Local Processor 
will set the DMA FUNCTION 


Register 
for a Mailbox 
to OFFSET 
COUNTER 


transfer and write OOHinto the MAILBOX 
HIGH and 
LOW Registers 
(generating 
a dummy request). 


> Initialize 
OFFSET 
and 
AUXILIARY 
OFFSET 


COUNTERs 
with OOHand reset cycle request. 


2. The Local Processor 
will set the DMA FUNCTION 


Register 
for a Mailbox 
to CONSTANT 
1 location 


transfer and write a value of 512 (the sector size) Into 
the MAILBOX HIGH and LOW Registers, generating 
a dummy 
request. 


> Transfer value 512 from Mailbox to CONSTANT 
1 


location and reset cycle request. 


3. The Local Processor 
will set the DMA FUNCTION 


Register 
for a Maiibox 
to CONSTANT 
2 location 


transfer and write the value 64K - 2K + 512 -1 
into 


the 
MAILBOX 
HIGH 
and 
LOW 
Registers. 
The 


General form for CONSTANT 
2 is [64K - 
(BUFFER 


SIZE) + (SECTOR SIZE) -1], 
generating a dummy 


request. 
> Transfer value 64K -2K 
+ 512 -1 
from Mailbox 


to CONSTANT 2 location and reset cycle request. 


4. The Local Processor 
will set the DMA FUNCTION 


Register for a Mailbox to External 
Device Address 


location transfer and write the buffer starting address 
into 
the 
MAILBOX 
HIGH 
and 
LOW 
Registers, 


generating 
a dummy request. 


> Transfer 
start address 
from Mailbox to Externai 


Device Address location and reset cycle request. 


5. The Local Processor 
will set the DMA FUNCTION 


Register 
for a Mailbox 
to DISK Address 
location 


transfer and write the buffer starting address into the 
MAILBOX 
HIGH and LOW Registers, 
generating 
a 


dummy 
request. 


> Transfer 
start 
address 
from 
Mailbox 
to 
disk 


address location and reset cycle request. 


6. The Local Processor 
will set the DMA FUNCTION 


Register 
for a Mailbox 
to DISK 
Register 
location 


transfer and write the buffer starting address into the 
MAILBOX 
HIGH and LOW Registers, 
generating 
a 


dummy request. 
> Transfer 
start 
address 
from 
Mailbox 
to 
DISK 


Register location and reset cycle request. 


7. Write the sector 10 information 
and the number of 


sectors 
to be read (SLEW) 
into the appropriate 


locations in the DESIRED 
REGISTER 
FILE registers 


and issue a Start Command 
with the Disk Direction 


bit set to one and the External 
Device Direction 
bit 


set to zero. External device DMA requests can start 
at any time since they will not be acknowledged 
until 


one error free sector is deposited into the Ring Buffer. 
The MICROSEQUENCER 
routine will ensure that 


the OFFSET 
COUNTER 
is incremented 
by the 


sector 
size (512) when 
the MSD95C02 
finishes 


transferring 
an error free sector into the Ring Buffer. 


8. When the OFFSET 
COUNTER 
is greater than zero, 


the 
external 
channel's 
DMA 
requests 
will 
be 


acknowledged. 
The OFFSET 
COUNTER 
will be 


decremented 
by 1, 2, 3 or 4 (depending 
on the 


programming 
of MODE 
1 Register) 
every time the 


external channel 
reads data from the Ring Buffer. 


9. The MICROSEQUENCER 
will add the OFFSET 


COUNTER value and CONSTANT 2 together before 
beginning 
the next sector 
transfer 
into the Ring 


Buffer. This calcu!ation 
is done to determine 
buffer 


full/empty 
status. This is done without 
altering the 


contents 
of the OFFSET 
COUNTER. 
> If ALU Overflow 
status is active, then the buffer 


is full. 


> If the OFFSET 
COUNTER 
equals zero, then the 
buffer is empty. 


If the buffer is full, the MSD95C02 
will wait before 
transferring 
the next sector 
into it. If the buffer 
is 
empty, the External Channel's DMA requests will not 
be serviced. 


EXAMPLE 
6-DATA 
IS WRITTEN 
TO THE 
DISK 
BY 
SIMULTANEOUSLY 
WRITING 
TO THE 
RING BUFFER 
FROM THE EXTERNAL 
CHANNEL 
AND 
READING 
FROM THE 
RING BUFFER 
FOR DATA TRANSFER 
ON TO THE DISK. 


This function of filling the Ring Buffer from the EXTERNAL 
CHANNEL 
and emptying 
the Ring Buffer for data transfer 
to the disk 
involves 
two independent 
and simultaneous 
operations. 
The description 
of this example will explain the 
Local Processor's 
involvement 
in this example. 
It is the role 
of the Local Processor 
to set up the DMA controller 
block 
such 
that the two operations 
can take place. 
Once the 
External Channel's 
DMA registers are set up, the operation 
involves a simple DMA request-acknowledge 
handshake to 
start filling 
the buffer. 
Automatic 
throttling 
on the DMA 
acknowledge 
to the External Channel will occur if the buffer 
becomes 
full. 


In addition, 
there is a MICROSEQUENCER 
routine that is 
executed when the Local Processor causes a command 
to 
be started. The details of the MICROSEQUENCER 
routine 
is described 
in appendix 
1. 


It is the role of the Local Processor to initialize the OFFSET 
and AUXILIARY 
OFFSET 
COUNTERs, 
CONSTANT 
1 and 
CONSTANT 
2 Registers, 
as well as the starting ring buffer 
addresses 
for the disk and external 
channel 
data. The 
MICROSEQUENCER 
will assume that these registers are 


initialized 
and use then accordingly 
to calculate 
buffer full/ 


empty status which is used to automatically throttle the DMA 
request 
coming 
from 
the disk, 
which 
are initiated 
and 
controlled 
by the MICROSEQUENCER, 
and the external 


channel's 
DMA requests. 


For this example, 
it is assumed 
that the sector size is 512, 


and the Ring Buffer size is 2K. 


1. The Local Processor 
will set the DMA FUNCTION 
Register for a Mailbox to Offset Counter transfer and 
write 
512 
into 
the 
MAILBOX 
HIGH 
and 
LOW 
Registers, 
generating 
a dummy request. 


Initialize 
OFFSET 
and 
AUXILIARY 
OFFSET 
COUNTERs 
with 512 and reset cycle request. 


2. The Local Processor 
will set the DMA FUNCTION 
Register for a Mailbox to Constant 1 location transfer 
and write a value of 512 (the sector size) into the 
MAILBOX 
HIGH and LOW Registers, 
generating 
a 
dummy request. 
> Transfer 
value 512 from Mailbox 
to Constant 
1 
location and reset cycle request. 


3. The Local Processor 
will set the DMA FUNCTION 
Register 
for a Mailbox 
to Constant 
2 location 
transfer 
and write the value 64K - 2K + 512 -1 
into the MAILBOX 
HIGH and LOW Registers. The 
General 
form 
for 
CONSTANT 
2 
is 
[64K 
- 


(BUFFER 
SIZE) 
+ 
(SECTOR 
SIZE) 
-1), 


generating a dummy request. 
> Transfervalue64K 
- 2K + 512 -1 
from Mailbox 
to Constant 
2 location and reset cycle request. 


4. The Local Processor 
will set the DMA FUNCTION 
Register 
for Mailbox 
to External 
Device 
address 


location 
transfer 
and write 
the 
buffer 
starting 
address 
into 
the 
MAILBOX 
HIGH 
and 
LOW 
Registers, 
generating 
a dummy request. 


> Transfer start address from Mailbox to External 
Device Address location and reset cycle request. 


5. The Local Processor 
will set the DMA FUNCTION 
Register 
for a Mailbox 
to DISK Address 
location 
transfer 
and write the buffer starting 
address 
into 
the 
MAILBOX 
HIGH 
and 
LOW 
Registers, 


generating 
a dummy request. 


> Transfer 
start 
address 
from 
Mailbox 
to disk 
address location and reset cycle request. 


6. The Local Processor 
will set the DMA FUNCTION 
Register 
for a Mailbox 
to DISK Register 
location 
transfer 
and write the buffer starting 
address 
into 
the 
MAILBOX 
HIGH 
and 
LOW 
Registers, 


generating 
a dummy 
request. 


> Transfer 
start 
address 
from 
Mailbox 
to DISK 
Register location and reset cycle request. 


7. Start the transfer of sector data from the External 
Device 
to the Ring 
Buffer. 
Since 
the OFFSET 
COUNTER 
is decremented 
as information 
is 
deposited 
into the Ring Buffer from the external 
channel, and the OFFSET 
COUNTER 
is initialized 
to 512, it will hit zero after one sector is written into 
the Ring Buffer. Loading the OFFSET Register with 
512 initially, ensures that there is at least 1 sector 
of data in the Ring Buffer 
before 
disk writing 
is 
started. 


8. The Local Processor 
will set the DMA FUNCTION 
Register 
for a Mailbox 
to OFFSET 
COUNTER 
transfer and write 64K - 
512 + 1 into the MAILBOX 
HIGH and LOW Registers, 
generating 
a dummy 
request. 
> Initialize 
OFFSET 
COUNTER 
with 64K - 
512 


+ 1 and reset cycle request. 


The External Device is free to continue data transfer 
into the Ring Buffer. 


9. Write the sector ID information 
and the number of 
sectors to be written 
(SLEW) 
into the appropriate 
locations 
in the 
DESIRED 
REGISTER 
FILE 
registers 
and 
issue 
a Start 
Command 
with the 
Disk 
Direction 
bit 
set 
to 
0 
and 
the 
External 
Device 
Direction 
bit 
set 
to 
1. This 
starts 
a 
MICROSEQUENCER 
routine to transfer data from 
the 
Ring 
Buffer 
to 
the 
disk. 
The 
OFFSET 
COUNTER 
is incremented 
by 512 when 
the 
MSD95C02 
finishes transferring 
a sector from the 
Ring Buffer to the disk. 


10. Before 
transferring 
a sector 
to the 
disk, 
the 
MICROSEQUENCER 
will 
add 
the 
OFFSET 
COUNTER 
value and CONSTANT 
2 (64K - 512 
+ 1). 
This 
calculation 
allows 
the 
MICROSEQUENCER 
to 
determine 
if at 
least 
1 more 
sector 
resides 
in the 
Ring 
Buffer 
by 
checking the overflow flag in the DMA's ALU. This 
is done 
without 
altering 
the 
contents 
of the 
OFFSET 
COUNTER. 
If it is determined 
that the 
buffer is empty (overflow 
= 1), all DMA requests 
for data to the Ring Buffer, which are initiated 
by 
the MICROSEQUENCER, 
will be held off. 


11. If the buffer is full (OFFSET 
COUNTER 
= zero), 


DMA requests from the External Device will not be 
serviced. 
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MICROSEOUENCER 
program will set Program Interrupt 0 


(PROG 
0) which 
automatically 
delinks 
the OFFSET 
the 


AUXILIARY 
OFFSET 
COUNTERs. 
Further, 
the 
micro- 


program 
will 
cause 
the 
error 
syndrome 
bytes 
to be 


transferred 
into designated 
sequential 
locations 
in the 


DESIRED 
REGISTER 
FILE. The generation of this interrupt 


will 
also 
permit 
the 
Local 
Processor 
access 
to 
the 


CURRENT 
REGISTER 
FILE. Transfer of data into the Ring 


Buffer from the disk and out of the Ring Buffer to the external 
channel 
will continue 
simultaneous 
to the error correction 


operation. 


When the Local Processor 
gets an interrupt, it will read the 


error syndrome 
bytes out to the CURRENT 
REGISTER 


FILE and then immediately 
write a logic one to bit D2 (CRR) 


of the START COMMAND 
REGISTER 
(ADDR 54H). This 


permits 
the 
disk 
to regain 
access 
to the 
CURRENT 


REGISTER 
FILE to allow proper 
processing 
of the next 


sector. 
Next, the Local 
Processor 
should 
use the error 


syndrome 
bytes to calculate 
the error pattern and location. 
Once this is performed, 
a read modi,fy write operation to the 


calculated 
Ring Buffer locations will correct the error. 
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AUXILIARY 
OFFSET 
COUNTERs 
are 
decremented 


together. 
If the AUXILIARY 
OFFSET 
COUNTER 
reaches 


zero, the external channel's 
DMA requests are temporarily 


held off. Buffer full status 
is determined 
as usual by the 


MICROSEOUENCER 
using 
the value 
in the OFFSET 


COUNTER 
and CONSTANT 
2. 


Once 
the error 
has been 
corrected, 
the OFFSET 
and 


AUXILIARY 
OFFSET 
COUNTERS 
must be linked back 


together 
again. This is accomplished 
by loading the DMA 


FUNCTION 
Register 
(ADDR 50H) with a value 09 H. This 


special 
function 
will 
load 
the 
value 
of the 
OFFSET 


COUNTER 
into the AUXILIARY 
OFFSET 
COUNTER 
and 


permit 
these 
counters 
to both increment 
and decrement 


together. 
This function 
will be performed 
when the Local 


Processor writes any value Into the MAILBOX LOW Register 
(ADDR52H). 


It should be noted that when errors occur on multiple sectors, 
this special function must not be initiated until all bad sectors 
are corrected. 


DATA IN 
GENERIC 
DATA OUT 
TO RING 


7·0 
7·0 
BUFFER 
ECC CHIP 


DATA/ECC 


ST1 
CHIP 
ST0 
SELECT 


WRITE 
GENERIC 
ECC CHIP 


MSD95C02 


5E 
READ 
ENABLE 


WE 
WRITE 
ENABLE 


WGATE 


RGATE 


PRESET 


ERROR 


TST4 


APPENDIX 
4-USE 
WITH 
AN EXTERNAL 
ECC 
CHIP 


The MSD95C02 
has been designed to allow operation with 


an external ECC chip. To allow this operation, it is necessary 
for the external 
ECC chip to be able to determine 
three 


situations. 


1- 
The time when the MSD95C02 
is performing 
a disk 
access cycle. 


2- 
The disk access cycle is a read or write cycle. 


3- 
The access cycle is for data transfer or ECC transfer. 


Figure 20 shows 
connection 
to a generic 
ECC chip. The 
required information for proper operation is presented to the 
outside world via the signals DGATE, ST1, STO and WRITE. 


It should be noted that the DATA ERROR signal from the 
external 
ECC chip must be valid when it is checked 
by the 
MICROSEQUENCER. 


APPENDIX 
5-USE 
OF SYNC REGISTERS 
WITH 
RLL ENCODING: 


For 
RLL 
encoding, 
two 
missing 
clock 
patterns 
are 


recommended. 


1-For 
RLL 2, 7 type 1, a missing 
clock pattern 
of FO is 


recommended 
along with a PLO SYNC pattern of 00. During 


the RLL encoding 
process, the PLO SYNC field of all zeros 


will encode 
on the disk as a repeating 
100 pattern. 
If the 


PLO SYNC field is of such a length that an RLL encoding 
grouping 
ends at the 00 to FO boundary, 
then reliable 
bit 


synchronization 
via missing 
clock 
pattern 
detection 
can 


occur. The length of the PLO SYNC field during disk writing 
can be controlled 
via microcode. 


Loading 00 and FOin DESIRED 
REGISTER 
FILE locations 


and outputting 
them to the disk via the microcode 
signal 


WPRE 
and WMISS, 
will produce 
a unique pattern on the 


disk. In order to read this unique pattern back and obtain bit 
synchronization via the high speed compare, the signal SMC 
is activated 
which 
will cause 
a compare 
between 
SYNC 


Registers 
1 & 4 and the incoming 
decoded 
bit stream. For 


a valid 
compare, 
SYNC 
Registers 
1 & 4 should 
be 


programmed 
with the following 
values: 


SYNC 1 Register 
= FO 


SYNC 4 Register = OB 


2-For 
RLL 2, 7 type 2, a missing 
clock pattern of 7A is 


recommended 
along with a PLO SYNC pattern of FF. During 


the RLL encoding 
process, the PLO SYNC field of all ones 


will encode on the disk as a repeating 
1000 pattern. 
In this 


case, the length 
of the PLO SYNC field 
is not a critical 


parameter 
in obtaining 
reliable bit synchronization. 


Loading FF and 7A in DESIRED 
REGISTER 
FILE locations 


and outputting 
them to the disk via the microcode 
signal 


WPRE 
and WMISS, 
will produce 
a unique pattern on the 


disk. In order to read this unique pattern back and obtain bit 
synchronization via the high speed compare, the signal SMC 
is activated 
which 
will cause 
a compare 
between 
SYNC 


Registers 
1 & 4 and the incoming 
decoded 
bit stream. 
For 


a valid 
compare, 
SYNC 
Registers 
1 & 4 should 
be 


programmed 
with the following 
values: 


SYNC 1 Register = 7A 
SYNC 4 Register 
= 00 


The two cases 
above 
assume 
that 
bit D3 of MODE 
2 


Register (8/16 COMPARE) is set to select the 16 bit compare 
mode. 


APPENDIX6-0UTUNE 
OF REED SOLOMON ERROR 
CORRECTION 
AND 
VERIFICATION 


ROUTINES 


The Reed Solomon 
ECC has been designed 
to permit the 
user correction of a maximum of two error bursts. The ability 
to correct two burst errors is generally associated with Reed 
Solomon codes. Using Reed Solomon alone, there is a finite 
probability 
of miscorrection 
if the error appearing 
in the data 


falls outside the capability 
ofthe Reed Solomon code used. 


The MSD95C02 
allows the user to attach an optional CRC 


field to the Reed Solomon 
ECC field to permit detection 
of 


virtually all miscorrected 
data. 


The following 
steps should 
be performed 
to successfully 


correct a data error via Reed Solomon 
ECC and verify that 


the correction 
was performed 
properly: 


1. If an error 
is detected, 
the MICROSEQUENCER 
will 


interrupt 
the Local 
Processor 
with the syndrome 
bytes 


(information 
used to correct 
the error) and the CRC field 


residing in the CURRENT 
REGISTER 
FILE. 


2. The Local Processor 
will read the syndrome 
and CRC 


bytes and use the syndrome 
bytes to calcuate 
the error 


pattern (exclusive OR mask) and error location (in the Ring 
Buffer 
memory). 
This calculation 
is performed 
via table 
lookup 
in 
software. 
For 
the 
Reed 
Solomon 
code 
implemented 
in the MSD95C02, 
three tables of 256 bytes 


each are required. These three tables are a Log, antilog and 
root table. The generation 
of the error pattern will require a 


maximum 
of 6 recursive 
table lookups and the generation 


of the error location will require a maximum 
of 3 recursive 


table lookups. 
It is this routine that will indicate 
if the error 


in the data is correctable 
or uncorrectable. 


3. Once the error location and error pattern are determined, 
the Local Processor 
will set up the DMA block to perform 


the required read-modify-write 
operation to correct the error. 


4. Once the error is corrected, 
the Local Processor 
should 


verify if the error was corrected 
properly. This is done by 


taking the error pattern generated 
in step 2 and performing 


another table lookup (uses the same antilog table as step 
2) and taking this result and exclusive ORing it with one of 
the CRC bytes read in from the CURRENT 
REGISTER FILE 


in step 1. This is performed 
for each interleave. 
The result 


of these 
operations 
should 
yield 
zero 
if the error 
was 


corrected 
properly and yield a non zero if the error was not 


corrected 
properly. 


Details of the three tables and actual software 
routines will 


be available in associated 
application 
notes. 


STANDARD MICROSYSTEMS 
COR 
fi. 


Circuit diagrams 
utilizing SMC products 
are included 
as a means of illustrating 
typical semiconductor 
applications: 
conse- 


quently complete information 
sufficient for construction 
purposes is not necessarily 
given. The information 
has been carefully 


checked and is believed to be entirely 
reliable. 
However, no responsibility 
is assumed for inaccuracies. 
Furthermore, 
such 


information 
dads not convey to the purchaser 
of the semiconductor 
devices described any license under the patent rights of 


SMC or others. SMC reserves the right to make changes ~!a.~~'timo in OiGeo. iu imf..lIove oesign and supply the best product 
possible. 
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Keyboard Encoder 


Part 
No. of 
Standard Fonts 
Power 
Number 
Keys 
lIodes 
Features 
SUffix 
Description 
SUpplies 
Package 
Page 
KR-9600 XX(l) 
90 
4 
20rNKey 
-PRO 
Binary Sequential 
+5 
40DIPI 
739-752 
Roliover 
-STD 
ASCII 
44SMT 
KR-9601 XX") 
90 
4 
2 or N Key 
-STD 
Binary Sequential 
Roliove!; 
-012(2) 
ASCII 
+5 
40DIPI 
739-752 
caps-lock, 
44SMT 
auto-repeat 
KR-9602 XX(l) 
90 
4 
20rNKey 
-STD 
Binary Sequential 
Roliove!; 
-012(2) 
ASCII 
28DIPI 
caps-lock, 
+5 
28SMT 
739-752 


auto-repeat, 
serial output 
I 


STANDARD MICROSYSTEMS 
CORPORATION,.I 
KR9600 
KR9601 
KR9602 


Keyboard Encoder Read Only Memory 
KEM 


FEATURES 
o On-chip "caps" lock (KR9601, KR9602) 
o On-chip auto repeat (KR9601, KR9602) 
o Contact bounce protection 
o N Key Rollover or Lockout operation 
o Hysteresis on keyboard matrix inputs 
o Tri-state TTL compatible data outputs 
o Serial output (on KR9602 only) 
o Quad Mode (Normal, shift, control, 
shift-control) 
o High frequency clock input 
o Pin-compatible with KR3600 (KR9600) 
o Static charge protection on all inputs 


and outputs 


o + 5 volt supply 


EXTERNALLY 
SELECTABLE 
OPTIONS ON KR9600 AND KR9601 
o Pulse or level data ready output signal 
o External clock input 
o On chip master/slave oscillator 
o AI110output bits available 
o Lockout/Rollover external selection 
o Chip enable external selection 
o Data complement control 
o Any Key Down output 
o Selectable Auto-Repeat rate 
o Programmable Auto-Repeat rate 


FUNCTION 


OPTION { 
see "Pin 
OPTION 
assignment 
OPTION 
chart" 


OPTION 
OPTION 
OPTION 
(B9 on KR9600) 


data output B8 
data output B7 
data output B6 
data output B5 
data output B4 
data output B3 
data output B2 
data output B1 
Gnd 
data ready 
yO 
yl 
y2 
y3 


xO 
xl 
x2 
x3 
x4 
x5 
x6 
x7 
x8 
delay node 
Vcc 
shift input 
control input 
caps lock (NC on KR9600) 
y9 
y8 
y7 
y6 
y5 
y4 


FUNCTION 
KR9602-XX 


X3 
1 
28 
X4 
X2 
2 
27 
X5 
Xl 
3 
26 
X6 
XO 
4 
25 
X7 
Scan clock 
5 
24 
X8 
I 


Serial clock 
6 
23 
Delay node 
Gnd 
7 
22 
Va; 


Serial output 
8 
21 
Shift 
yO 
9 
20 
Control 


yl 
10 
19 
Caps Lock 


y2 
11 
18 
y9 


y3 
12 
17 
y8 
y4 
13 
16 
y7 


y5 
14 
15 
y6 


The KR9600/1/2 
is a keyboard encoder that contains all the 
logic 
necessary 
to debounce 
and encode 
SPST 
key- 
switches 
into a fully decoded 
data output of up to 10 bits. 
The KR9600/1/2 
contains 
a 3600 bit ROM, 9 stage and 10 


stage ring counters, 
a 10 bit comparator, 
timing circuitry, a 


90 bit memory 
to store the location of encoded 
keys for N 


key rollover operation, 
an externally 
controllable 
delay net- 


work for eliminating 
the effect of contact bounce, an output 


data buffer and TTL compatible 
output drivers. 


The KR9600 and the KR9601 provide a parallel data output 
in a 40 pin configuration 
with pin selectable 
options, while 


the KR9602 
provides 
a serial asynchronous 
output in a 28 


pin configuration 
with mask programmable 
options. 
(Ref. 


KR9600/1/2 
custom coding information 
sheet). 
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28-24 
matrix with the keyboard 
switches 
as 


the crosspoints. 


Y INPUTS 
YO·Y9 
17-26 
17-26 
9-18 
External 
inputs from the keyboard 
X-Y 


matrix. 


EXTERNAL 
CLOCK 
... 
1 
1 
5 
External 
clock 
input. 
(see note) 


SERIAL 
CLOCK 
... 
... 
... 
6 
Serial 
input Baud rate clock, 
for 


KR9602. 


Data outputs 
B1-B8. 
Parallel 
outputs 
DATA OUTPUTS 
B8-B1 
7-14 
7·14 
8 
for the KR9600/9601, 
serial output 
for 


the KR9602. 


This output, 
which 
can be a level or a 


DATA READY 
DR 
16 
16 
N/A 
pulse, signals 
that a key closure 
has 


been detected 
and that data is 
available 
at the output 
port. 


DELAY 
NODE 
Externally 
controllable 
delay network 


DELAY 
31 
31 
23 
for eliminating 
the effect of switch 
INPUT 
contact 
bounce. 


SHIFT 
INPUT 
SHIFT 
29 
29 
21 
This input is used to select the shift 
mode data. 


This input is used to select the control 


CONTROL 
INPUT 
CNTRL 
28 
28 
20 
mode data. Simultaneous 
assertion 
of 


shift and control 
inputs 
will place the 


encoder 
into the shift-control 
mode. 


see 
This input "ANDed" 
with bit B9 of the 
CAPS 
LOCK 
CAPS 
27 
19 
ROM will cause 
a mode shift. See 
note 
"programming 
options". 


POWER 
SUPPLY 
Vcc 
30 
30 
22 
+ 5V power supply. 


GROUND 
Gnd 
15 
15 
7 
Ground. 


OPTION 
PINS 
see 
1-6 
N/A 
See option selection 
table for pin 
note 
assignment. 


Note: 
Caps Lock and Auto-Repeat 
are not available 
on KR9600. 
See option 
selection 
table for pin assignment. 


DESCRIPTION 
OF OPERATION 


The main clocks for the KR9600 
and KR9601 
are derived 


from either an external 
clock source or the Internal oscil- 


lator. The KR9Q02 requires 
an external 
clock. The exter- 
nal clock is routed to a divider with a mask programmable 
division 
rate from 1 to 63 to generate 
the internal 
clock. 


The keys are scanned 
in a nine output by ten input matrix, 
each key having 
a unique 
input-output 
combination 
con- 


nected 
to it. The inputs all go selectively 
to a level detec- 
tor which 
has logically 
variable 
{1 's and O's) levels and 


hysteresis. 
The outputs 
are enabled 
one at a time from 


output 
XO towards 
X8, at a rate of 10-100KHz, 
through 
a 


9 stage 
ring counter. 
The 10 inputs are searched 
one at 


a time from 
YO to Y9, through 
a 10 stage 
ring counter, 
each time one of the outputs 
is enabled. 
The output and 


input pins all have pullups to Vcc and are precharged 
each 


clock even if the scan is stopped 
at one key. When a level 
on the selected 
path to the comparator 
matches 
a level 


on the corresponding 
comparator 
input from the 10 stage 


ring counter and the key has not been encoded, the switch 
bounce 
delay 
network 
is enabled. 
The key down stroke 


is examined, 
without 
advance 
to the next key location, 
until the key has been stable for the length of the DELAY 
CAP pin to discharge. 
The code for the depressed 
key is 


transferred 
to the output 
data buffer 
and the data ready 


signal 
appears. 


The scan has two modes 
as determined 
by the LOckout! 


Rollover 
option. 
Once a key is determined 
to be down the 


scan 
will not advance 
if in the LOckout 
mode. 
Conse- 


quently 
a new key closure 
is not detected 
until the pre- 


viously 
depressed 
key is released. 
The scan sequence, 


will resume 
upon key release 
and the output 
data buffer 


stores 
the code of the last key encoded: 
In the Rollover 


mode a "1" is stored 
in the encoded 
key memory 
and the 


scan 
sequence 
is resumed 
and the 
code 
for the 
last 


encoded 
key remains 
in the data 
output 
buffer. 
Each 


depressed 
key is encoded 
regardless 
of the state of the 


previously 
depressed 
keys. The internal 
keyboard 
ROM 


is 10 bits wide. 
Bits 1-8 are output 
via data outputs 
B1- 


B8. Bits 9 and 10 may be output 
as data and/or 
utilized 


respectively 
for Caps-lock 
and Auto-repeat 
select. 
This 


allows 
mask programmable 
selection 
of which 
keys will 


have caps-lock 
and auto-repeat. 
When selected, 
the auto 


repeat 
will 
commence 
with 
a "long" 
delay 
after 
key 


depression 
followed 
by "short" 
delays. 
The duration 
of 


the delays varying 
with the clock frequency 
and the state 


of the ARD, ARO, and AR1 signals. 


A Chip 
Enable 
input 
is available 
to enable 
the parallel 


output 
buffer. Data Ready can be put in the high-imped- 


ance state with Chip 
Enable 
(CE) or can be open drain 


as a mask 
programmable 
option 
to facilitate 
wire-oring 


as an interrupt. 


In the serial 
output 
version 
of KR9602, 
when 
a key is 
debounced 
and then called valid, the serial shift register 


is loaded 
with the data (8 bits B1-B8) from the ROM, the 
data from the parity generator, 
and the data from the start 
and stop bits generator. 
Bits B9 and B10 are internally 
used respectively 
for Caps-lock 
and Auto-repeat 
select. 


The data register 
is then allowed 
to shift data out at the 


rate of one bit per 16 clocks of the baud rate clock pin, on 
the negative 
edge of that clock. 
If the baud rate clock is 
too slow with respect 
to the internal 
clock, 
and the key- 
board were allowed 
to continue 
scanning 
when the data 


register 
is loaded, 
then new data could be loaded 
on top 
of shifting-out 
data. 


To avoid this, if a new key is depressed 
before the pre- 
vious data is fUlly shifted 
out of the device, 
including 
the 
stop bits, the delay cap will be allowed 
to decay 
but the 


internal 
logic will delay 
its effect 
until the shift out of the 
previous 
data 
is completed. 
If the new key is released 
before 
the end of the extended 
delay time it will not be 
encoded. 


OPTION SELECTION 
TABLE 
Since the selected 
coding 
of each key and all the options 
are defined 
during 
the manufacture 
of the chip, the cod- 


ing and 
options 
can 
be changed 
to fit any 
particular 
application 
of the keyboard. 
Up to 360 codes of up to ten 
bits can be programmed 
into the KR9600/KR9601 
ROM 
covering 
most popular 
codes 
such as ASCII, 
EBCDIC, 


SELECTRIC 
etc. as well as many specialized 
codes.* 


Pin Assignment 
for KR9600/KR9601 
The chip pins from pin #1 thru pin #6 are optionally 
con- 
nected 
to differing 
logic functions. 
Many of the functions 
are available 
on more than one pin. 


PIN 
FUNCTION 
in 
ut unless 
noted 


1 
Ext clock (opt. internal 
divisor 
of 1-63)*' 


1 
Pin 1 of Internal 
oscillator. 


2 
Pin 2 of Internal 
oscillator. 


2 
LolRo 
CC 
CE 
ARD" 
ARO" 
AR1" 


3 
Pin 3 of Internal 
oscillator. 


3 
LolRo 
CC 
CE 
ARD" 
ARO" 
AR1" 


4 
AKO output 
4 
LolRo 
CC 
CE 
ARD" 
ARO" 
AR1" 


5 
AKO or B10 output 
5 
LolRo 
CC 
CE 
ARD" 
ARO" 
AR1" 


6 
B9 or AKO" 
output 


Options Available for the KR9602: 
The following 
options 
can be obtained 
on the KR9602 


only with a mask program, 
and are not pin selectable: 


LolRo, 
CC, 
AUTO-REPEAT, 
LONG 
DELAY, 
SHORT 
DELAY, 
CLOCK 
DIVISOR 
1,2,4,8,16,32,63; 
PARITY, 


1 OR 2 STOP BITS. 


Legend 
CC = COMPLEMENT 
CONTROL 
LolRo = LOCKOUTI 


ROLLOVER 
B9 = B9 (DATA) OUTPUT 
INTERNAL CLOCK = SELF CONTAINED OSCILLATOR 
(Not available in KR9602) 


EXTERNAL CLOCK 
= EXTERNAL 
FREQUENCY 


SOURCE 
ARD = INITIAL AUTO-REPEAT 
DELAY 


ARO, AR1 = SECONDARY AUTO-REPEAT DELAY, OR 
NO AUTO-REPEAT 
WHEN BOTH ARE FALSE. 


AKO = ANY KEY DOWN 
CE = CHIP ENABLE 
B10 = B10 (DATA) 


OUTPUT 


'Contact 
local sales office for custom 
coding 
sheet. 


"Not 
available 
on the KR9600. 


PROGRAMMING 
OPTIONS 
The various options on the KR9600 
and KR9601 are user 
selectable 
via externally 
programmable 
pins, but they are 


fixed, internally 
mask programmed, 
for fhe KR9602. 


Oscillator: 
The main clocks are derived from either an external clock 
source 
or from the Internal 
oscillator. 
The resultant 
sig- 


nal is then routed to a divider with a mask programmable 
division 
rate from 2 to 63. If no division 
is required 
then 
the divider 
is bypassed. 
The external 
clock requires 
one 
pin (pin #1), while the Internal oscillator 
needs three pins 


(pins 
#1, 
2, 3) for frequency 
selection 
via an external 


resistor 
and capacitor. 


Lockout/Rollover: 
LO/RO 
This option 
selects 
the operation 
of the key scan when a 
new key is detected. 
In Lockout 
the scan stops as long 
as the key is down. 
In Rollover 
the scan stops till the new 
key is debounced 
by the DELAY 
CAP and the key code 
is output. 
Then the key position 
is marked 
as down and 


the scan 
continues 
until another 
new key is seen. 
The 
option 
is selected 
either 
by an external 
pin or internally 
mask 
programmed, 
fixed 
in either 
state. 
The 
external 
LOckout 
selection 
is optionally 
hi or low active. 
A pull- 
down resistor 
to ground 
is optional. 


Complement 
Control: CC 
This option 
inverts the logic true state of the DATA OUT- 


PUTS and can optionally 
additionally 
invert the logic true 


state of the DATA READY 
pin. The optioo 
can be inter- 


nally fixed as true or false where 
true will output 
a high 


logic level. When 
externally 
selected 
the option 
can be 


either 
input 
high 
or low active 
true. 
The 
pulldown 
to 


,ground is optional. 
I 


Data Ready: 
The data 
ready 
pin is optionally 
either 
a pulse 
or level 


upon 
an output 
state 
ready 
to transfer. 
This 
transfer 


occurs 
when 
a new key is encoded 
or when the current 


key is repeating 
via the repeat 
logic. This output 
is indi- 


vidually 
capable 
of being disabled 
via CE or inverted 
via 


CC. To invert DATA READY 
is to have the pulse go logic 


low or the level fall to logic low active when the output 
is 


allowed 
to drive out of the chip. 


Any Key Down: AKO output 
The AKO output 
is an indicator 
to tell that there is at least 


one 
key determined 
to be depressed. 
The 
output 
is 


optionally 
logic high or low true. The CE can be sepa- 


rately used to set the output in the high impedance 
mode. 


AKO will reset one full keyboard 
scan time after the last 


key is released. 
AKO cannot 
be invEjrted by CC (comple- 


ment control). 


Chip Enable: CE 
The chip enable 
option 
can be internally 
fixed to true or 


can be externally selected. When an external pin is used 
the true level is only low true. The true state means that 
the outputs connected to CE will go to the driven state 
from the high-impedance condition. Output pins B1-B10 
are always affected by Chip Enable (CE), optional for 
Data Ready and Any Key Down. A pulldown to ground is 
optional. 


Shift Control Lock: S C L 
These three pins determine 
what will be output in 


response to a new key being detected. The Caps lock 
pin is optional on the KR9601 and KR9602 but it is not 
available on the KR9600. All three pins have optional 
pulldown resistors to ground. The lock option is allowed 
if data bit nine of the ten data bits is programmed as true. 
In other words the Rom is read with no lock logic allowed, 
but with the full influence of the Shift and Control pins. 
This determines the B9 output which is used to see if this 
key can be shifted (be it a control code or not) by modi- 
fying the effect of the Shift upon a second read of the 
rom. The operation of the allowed lock follows this table: 


L 
89 
S 
C Result 


F 
F 
F 
F 
N 
F 
F 
F 
T 
C 


F 
F 
T 
F 
S 
L = CAPS LOCK 


F 
F 
T 
T 
SC 
89 = DATAOUTPUT 89 
N = NORMAL 


F 
T 
F 
F 
N 
S = SHIFT 


F 
T 
F 
T 
C 
C = CONTROL 


F 
T 
T 
F 
S 
SC = SHIFT and CONTROL 


F 
T 
T 
T 
SC 


T 
F 
F 
F 
N 


T 
F 
F 
T 
C 


T 
F 
T 
F 
S 


T 
F 
T 
T 
SC 


T 
T 
F 
F 
S 
Force N->S 
allow shift 
(ie m->M) 


T 
T 
F 
T 
SC 
ForceC->SC 
shift of Control 


T 
T 
T 
F 
'SIN 
Opt Force S->N 
allow reverse 
(ieM->m) 
T 
T 
T 
T 
'SC/C 
Opt Force 
remove shift in 
SC->C 
Shift-Control 


'The mask programmable option for the removal of the shift is 
coded as either ON for all keys or OFF. Note that the 89 DATA 
output (and all the others) isthe code ofthe second decode. Note 
that shift only occurs when both the lock is true and the unmodi- 
fied code gives a 89 ROM output as true. 


Repeat: ARD 
ARO AR1 
When the Auto-repeat option is selected and a key is 
pressed, either of two delays can be selected. Typically 
a long initial delay after the key is pressed, and short 
delays afterwards ifthe key is still pressed. These delays 


consist of a programmable number of scan frequency 
time clocks varying from 2 to 131071 clock times. 
This option is masked programmable and dependent on 
the programming of the data bit 10of the ten data outputs 
to be true for the resultant key code (after lock logic) and 
upon whether any repeat action should occur at all. 
There are three optional pins associated with the auto 
repeat logic: ARO, AR1, and ARD. Each of these can 
individually optionally have a pulldown resistor to ground. 
ARD controls the selection of the initial repeat delay count 
code, while the combination of ARO and AR1 controls 
the selection of the short delays as shown below. If no 
external pins are desired then those functions can be 
mask programmed. 


TYPICAL INITIAL REPEAT DELAY COUNTS 
ARD = hi 80000 clock times 
ARD = low 40000 clock times 


The repeat delays are selected by a two bit code where 
one decode is used to disable the repeat operation 
completely. 


TYPICAL SECONDARY REPEAT COUNTS 
ARO 
AR1 
Count 
o 
0 
All Auto-Repeat Disabled 
o 
1 
6250 
1 
0 
3125 
1 
1 
1250 


Typical Example: 
One typical approach would be to mask program ARD 
for only one long delay value and mask AROto ground. 
This way one can save two option pins for ARD and ARO 
and still be able to select or disable auto-repeat via AR1 
and havethe option of haVingone fixed short delay value. 


ROM Data: 
The actual programming data is in 10bit wide characters 
with four function codes for each key position. There are 
90 key positions organized as 9 "X" outputs with 10 "Y" 
inputs. The four functions as previously defined are Con- 
trol, Shift, Normal, and Shift-Control. 
The use of the optional lock requires the programming 
of the B9 data bit. The use of the optional Auto-Repeat 
requires the programming of the B10 data bit. If the B9 
or B10 outputs are used then these will show the result 
of the contents of the "corrected" key function data bits. 
The "corrected" function is the possibly changed Nor- 
mal to Shift etc. etc. so that the output isthat of the 'Shifted 
key code' NOT that of the initial key code. 


T = Switch bounce + (90 x 11f) + Strobe delay + Strobe width 


I 
I 
I 
I 


maximum 
determined 
determined 
minimum time 
expected 
by frequency 
by external 
required by 
of operation 
capacitance 
external circuitry 


CONDITIONS: 
The clock divider 
is 1 so that elkl is "same 
as clock IN". 


A key is pressed 
down at XOYO but the delay cap has not timed out. 


Data Ready is high true and we have already had another 
key. 


DataRP = Data Ready as a Pulse 
DataRL = Data Ready as a Level 
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Lead Temperature 
(soldering, 
10 sec.) 
+ 325°C 


Positive Voltage on any Pin, with respect to ground 
+ 8.0V 


Negative Voltage on any Pin, with respect to ground 
- 0.3V 


PARAMETER 
SYMBOL 
MIN 
TYP 
MAX 
UNIT 
COMMENTS 


D.C. CHARACTERISTICS 


INPUT VOLTAGE LEVELS 
Low Level 
V'L 
0.8 
V 
All inputs 
High Level 
V,H 
2.0 
V 
Except Y + 16X CLK 


2.2 
V 
16XCLKonly 


YINPUTS 
High Level 
VVIH 
2.8 
V 
Yinput 
Low Level 
VVIL 
0.8 
V 
Yinput 


INPUT CURRENT 
Leakage 
IL 
10.0 
/LA 
All inputs except Y 
V,N = 5V 
Input with Pull-down 
resistor 
selected 
as option 
75 
220 
fLA 
V,N = 5V 
Yinputs 
IVIL 
-100 
-400 
-500 
fLA 
VVIL= 1 volt 
Y inputs only 
OUTPUT 
VOLTAGE LEVELS 
Low Level 
VOL 
0.4 
V 
10L= 1.6 mA 
High Level 
VOH 
2.4 
V 
10H= 100 /LA 
Except X outputs 


X output voltage 
VOL 
0.4 
V 
600/LA 
VOH 
3.4 
4.0 
V 
clock high 
10H= 10 /LA 


TRI-STATE 
LEAKAGE 
10 
/LA 
81-810 
INPUT CAPACITANCE 
All inputs 
C,N 
10 
pF 
Except Y inputs 


POWER SUPPLY CURRENT 
lee 
20 
40 
mA 
KR9600101 
lee 
15 
35 
mA 
KR9602 


A.C. CHARACTERISTICS 


CLOCK FREQUENCY· 
F'N 
0.01 
4 
MHz 
KR9601/02 
0.01 
0.1 
MHz 
KR9600 


16X CLOCK 
FREQUENCY 
DC 
640 
KHz 
KR9602 
Chip enable access time 
TeE 
250 
ns 


SWITCH CHARACTERISTICS 
Min switch closure 
see timing 
diagram 


Contact closure resistance 
Zee 
300 
ohms 
Zee 
1 X 107 


NOTE: The KR9600 is a direct replacement 
for the KR3600. Please note that due to the logic level of the KR9600, when 
replacing 
the KR3600 
in a N-Key rollover system where diodes are utilized, the polarity of the diodes 
must be 
reversed . 
• Divisor on KR9601 102 must be selected such that the resulting internal scan frequency 
is 10 KHz min to 100 KHz max . 


•• Parts optionally 
available in extended temperature 
ranges in hermetic packages. 
Inquire at factory. 


The KR9600 
PRO is a MOS/LSI 
device 
intended 
to sim- 


plify 
the 
interface 
of a microprocessor 
to a keyboard 


matrix. 
Like the other 
KR9600 
parts, the KR9600 
PRO 


contains 
all of the logic to de-bounce 
and encode 
key- 


switch 
closures, 
while 
providing 
either a 2-key or N-key 


rollover. 


The output 
of the KR9600 
PRO is a simple 
binary 
code 


which 
may be converted 
to a standard 
information 
code 


by a PROM or directly 
by a microprocessor. 
This permits 


a user maximum 
flexibility 
of key layout with simple field 


programming. 


The code in the KR9600 
is shown 
in Table I. The format 


is simple: 
output 
bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 


sequence. 
The count 
starts 
at XO, YO and increments 


through 
XOY1, XOY2 ... X8Y9. 
Bit 9 is the LSB; bit 1 is the 


MSB. 


Bits 2 and 3 indicate 
the mode as follows: 


Bit2 
Bit3 
o 
0 
Normal 
o 
1 
Shift 


1 
0 
Control 
1 
1 
Shift Control 


For maximum 
ease 
of use and flexibility, 
an internal 


scanning 
oscillator 
is used, 
with pin selection 
of N-key 


lockout 
(also known as 2-key rollover) 
and N-key rollover. 


An "any-key-down" 
output 
is provided 
for such uses as 


repeat oscillator 
keying. 


Figure 
1 shows 
a PROM-encoded 
64 key, 4 mode appli- 


cation, 
using a 256 x 8 PROM, 
and Figure 2 a full 90 key, 


4 mode application 
utilizing 
a 512 x 8 PROM. 


If N-key rollover 
operation 
is desired, 
it is recommended 


that 
a diode 
be inserted 
in series 
with 
each 
switch 
as 


shown. 
This 
prevents 
"phantom" 
key closures 
from 


resulting 
if 
three 
or 
more 
keys 
are 
depressed 


simultaneously. 


FIGURE 1 
FIGURE 2 


KR9600 PRO TYPICAL 
APPLICATION 
KR9600 PRO TYPICAL 
APPLICATION 
64 KEY, 4 MODE 
90 KEY, 4 MODE 
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TABLE 1 
KR9600-PRO 
CODING SHEET AND OPTIONS 


Normel 
Shih 
Control 
Shift/Control 
XV 
8-12345678910 
8·12345678910 
8-12345678910 
8·12345678910 


00 
000000000 
001000000 
010000000 
011000000 
01 
000000001 
001000001 
010000001 
011000001 


02 
000000010 
001000010 
010000010 
011סס oo10 


03ס0ooooo" 
001000011 
010סס oo11 
011סס oo11 


04 
o00ooo'00 
001000100 
01סס oo100 
011000100 
05 
o00ooo101 
001000101 
01סס oo101 
011000101 


06 
o00ooo110 
OO~OOO110 
01סס oo110 
011000110 
07 
o00ooo111 
001000111 
01סס oo111 
011000111 
va 
0סס oo1000 
001001000 
010001000 
011001000 
09 
0סס oo1001 
001001001 
010001001 
011001001 


'0 
0סס oo1010 
001001010 
010001010 
011001010 
" 
000001011 
0010010" 
010001011 
011001011 


12 
000001100 
001001100 
01000"00 
01'00"00 


'3 
00000"01 
001001101 
010001'01 
011001101 
" 
0סס oo1110 
001001110 
010001"0 
011001110 
'5 
0סס oo1111 
001001111 
010001111 
011001111 
,.סס OO,סס OO 
00101סס oo 
01001סס oo 
0"01סס oo 
" 


סס oo10001 
001010001 
010010001 
011010001 
,.סס oo10010 
001010010 
010010010 
0"010010 


" 
סס oo10011 
001010011 
010010011 
011010011 
20סס oo10100 
001010100 
010010100 
011010100 


21סס oo10101 
001010101 
010010101 
011010101 
22 
000010110 
001010110 
010010110 
011010110 
23 
000010111 
001010111 
010010111 
011010111 
24 
000011000 
001011000 
010011000 
011011000 
25 
000011001 
001011001 
01001101)1 
011011001 
2.סס oo11010 
001011010 
010011010 
011011010 
27סס oo11011 
001011011 
010011011 
011011011 


28סס oo11100 
001011100 
010011100 
011011100 


29סס oo11101 
001011101 
010011101 
011011101 


30סס oo11110 
001011110 
010011110 
011011110 
31סס oo11111 
001011111 
010011111 
011011111 


32 
0001סס oo0 
001100000 
01010סס oo 
01110סס oo 


33 
000100001 
001100001 
0101סס oo1 
011100001 


34 
000100010 
001100010 
010100010 
011100010 
35 
000100011 
001100011 
010100011 
011100011 
36 
000100100 
001100100 
010100100 
011100100 


37 
000100101 
001100101 
010100101 
011100101 
38 
000100110 
001100110 
010100110 
011100110 


3. 
000100111 
001100111 
010100111 
011100111 
40 
000101000 
001101000 
010101000 
011101000 


41 
000101001 
001101001 
010101001 
011101001 
42 
000101010 
001101010 
010101010 
011101010 
43 
000101011 
001101011 
010101011 
011101011 
44 
000101100 
001101100 
010101100 
011101100 
45 
000101101 
001101101 
010101101 
011101101 
4. 
000101110 
001101110 
010101110 
011101110 


47 
000101111 
001101111 
010101111 
011101111 
48 
000110000 
001110000 
01011סס oo 
01.1110000 


4' 
000110001 
001110001 
010110001 
011110001 
50 
000110010 
001110010 
010110010 
011110010 
51 
000110011 
001110011 
010110011 
011110011 


52 
000110100 
001110100 
010110100 
011110100 
53 
000110101 
001110101 
010110101 
011110101 
54 
000110110 
001110110 
010110110 
011110110 
55 
000110111 
001110111 
010110111 
011110111 
•• 
000111000 
001111000 
010111000 
011111000 


57 
000111001 
001111001 
010111001 
0"111001 


58 
000111010 
001111010 
010111010 
011111010 


59 
000111011 
001111011 
010111011 
011111011 
60 
000111100 
001111100 
010111100 
011111100 
., 
000111101 
001111101 
010111101 
011111101 


.2 
000111110 
001111110 
010111110 
011111110 
63 
000111111 
001111111 
010111111 
011111111 


64 
'0ס0ooooo 
101000ooo 
"ס0ooooo 
111000ooo 
85 
,ס0ooooo' 
1010סס oo1 
11()()()()()Ql 
1110סס oo1 
56 
1סס oo0010 
101סס oo10 
110סס oo10 
111סס oo10 


.7 
100000011 
101סס oo11 
110000011 
111000011 
.8 
100000100 
101000100 
110000100 
111000101) 
•• 
100000101 
101000101 
110000101 
111000101 


70 
100000110 
101000110 
110000110 
111000110 


11 
100000111 
101000111 
110000111 
111000111 


72 
1סס oo1000 
101001000 
110001000 
111001000 
73 
1סס oo1001 
101001001 
110001001 
111001001 


74 
1סס oo1010 
101001010 
110001010 
111001010 


75 
1סס oo1011 
101001011 
110001011 
111001011 


7. 
1סס oo1100 
101001100 
110001100 
111001100 
71 
1סס oo1101 
101001101 
110001101 
111001101 


78 
100001110 
101001110 
110001110 
111001110 


7' 
100001111 
101001111 
110001111 
111001111 
80 
100010000 
101010000 
110010000 
111010000 
" 
100010001 
101010001 
110010001 
111010001 
82 
100010010 
1010101)10 
110010010 
111010010 


83 
100010011 
101010011 
llooHl011 
111010011 
84 
100010100 
101010100 
110010100 
111010100 
85 
100010101 
10101()101 
110010101 
111010101 
56 
100010110 
101010110 
110010110 
111010110 


87 
100010111 
101010111 
110010111 
111010111 
•• 
100011000 
101011000 
110011000 
111011000 


8. 
100011001 
101011001 
110011001 
111011001 


OPTIONS: 
Internal 
Oscillator 
(Pins 
1, 2, 3) 


LockouURoliover 
(Pin 4) 


Internal 
Resistor 
to GND 
Lockout 
is Logic 1 


Pulse Data Ready 
Any Key Down (Pin 5) Positive Output 
Internal 
Resistor 
to GND on Shift 
and Control 
Pins 


Norm.1 
Shih 
Control 
Shift Control 
XY 
8-12345678910 
8-12345678910 
8-12345678910 
8-12345678910 


00 
1 
1000111001 
< 
0011111001 
1 
1000111011 
SUB 
01.011ססoo1 
01 
q 
1000110101 
Q 
1000100101 
q 
1000111111 
OLEססoo1ססoo1 
02 
· 


1ססoo10101 
A 
1000ooo101 
· 


1ססoo11111 
@'ס0ooooo101 
03 
z 
0101110101 
Z 
0101100101 
z 
0101111111 
Pססoo100101 
04 
HT 
10010ססoo1 
HT 
10010ססoo1 
HT 
10010ססoo1 
I 
1001000101 
OS 
H 
0001000101 
H 
0001000101 
H 
0001000101 
H 
0001000111 
06 
+ 
1101011001 
+ 
1101011001 
+ 
1101011001 
+ 
1101011011 
07 
SO 
0111001001 
> 
0111111001 
SO 
01110ססoo1 
SO 
0111ססoo11 
08 
Pססoo110101 
@ס0ooooo101 
NULסס0oooooo1 
NULסס0oooooo1 
09 
1 
1000111001 
I 
1ססoo11001 
SOH 
10ס0ooooo' 
SOH 
10ס0ooooo1 
10 
2 
0100111001 
@ס0ooooo101 
2 
0100111011 
ETa 
11101ססoo1 
11 
w 
1110110101 
W 
1110100101 
w 
1110111111 
0011100101 
12 
s 
1100110101 
5 
1100100101 
s 
1100111111 
A 
1000ooo101 
13 
, 0001110101 
X 
0001100101 
, 0001111111 
Q 
1000100101 
14 
AS 
01111ססoo1 
AS 
01111ססoo1 
AS 
01111ססoo1 
FS 
00111ססoo1 
lS 
.•. 
1010011001 
.•. 
1010011001 
.•. 
1010011001 
.•. 
1010011011 
16 
m 
1011010101 
51 
1011100101 
CA 
10110ססoo1 
CA 
10110ססoo1 
17 
51 
11110ססoo1 
11110ססoo1 
51 
11110ססoo1 
51 
1111ססoo11 
18 
n 
0111010101 
0111100101 
SO 
01110ססoo1 
SO 
01110ססoo1 
19 
2 
0100111001 
0100011001 
STX 
01ס0ooooo1 
STX 
01ס0ooooo1 


20 
3 
1100111001 
I 
1100011001 
3 
1100111011 
NAK 
10101ססoo1 
21 
· 


1010010101 
E 
101ססoo101 
· 


1010011111 
DC3 
11001ססoo1 
22 
d 
0010010101 
0 
001ססoo101 
d 
0010011111 
B 
010ססoo101 
23 
c 
1100010101 
C 
110ססoo101 
c 
1100011111 
A 
0100100101 
24 
- 
1111100100 
- 
1111100100 
- 
1111100100 
0111100100 
25 
$ 
0010011001 
$ 
0010011001 
$ 
0010011001 
$ 
0010011011 
26 
L 
0011000101 
L 
0011000101 
L 
0011000101 
L 
0011000111 
27 
US 
11111ססoo1 
US 
11111ססoo1 
US 
11111ססoo1 
US 
1111100011 
28 
6 
0110111001 
• 
0110011001 
ACK 
011000ooo1 
ACK 
011000ooo1 
29 
k 
1101010101 
J 
1101100101 
DEL 
1111111101 
DEL 
1111111101 


30 
4 
0010111001 
0010011001 
4 
0010111011 
DC4 
00101ססoo1 


31 
, 0100110101 
A 
0100100101 
, 0100111111 
ENQ 
1010ססoo01 


32 
f 
0110010101 
F 
011ססoo101 
I 0110011111 
C 
1100000101 


33 
SPססoo011000 
SP 
0ססoo11000 
SP 
0ססoo11000 
SPססoo011000 
34 
CAN 
0001101000 
C~ 


0001011000 
CAN 
000110ססoo 
BS 
0001000ooo 
35 
CA 
1011ססoo01 
10110ססoo1 
CA 
1011ססoo01 
M 
1011000101 


36 
vt 
1101111101 
vt 
1101111101 
vt 
1101111111 
K 
1101000101 


37 
1101ססoo00 
1101000ooo 
1101ססoo00 
VT 
1101ססoo10 
38 
~1110111001 
1110011001 
BE~ 
1110ססoo01 
BE~ 
1110ססoo01 
i 
39 
0100011001 
0100011001 
0100011001 
0100011011 
40 
5 
1010111001 
.•. 
1010011001 
5 
1010111011 
STX 
0100ססoo01 


41 
I 0010110101 
T 
0010100101 
I 0010111111 
EOT 
0010ססoo01 


42 
~ 
1110010101 
~ 


111ססoo101 
G 
1110011111 
0 
0010000101 


43 
0110110101 
0110100101 
v 
0110111111 
5 
1100100101 
•• 
ETX 
11ס0ooooo1 
ETX 
11ס0ooooo1 
ETX 
11ס0ooooo1 
ETX 
11ס0ooooo1 
45 
J 
1011111101 
J 
1011111101 
J 
1011111111 
N 
0111000101 
•• 
1111111001 
1111111001 
1111111011 
I 1101100101 
47 
- 
1011011001 
- 
1011111001 
1011011001 
- 
1011011011 
•• 
) 
1001011001 
S~ 
1001011001 
S~ 
1001011001 
S~ 


1001011011 


49 
SP 
0ססoo11001 
0ססoo11001 
0ססoo11001 
0ססoo11011 
50 
6 
0110111001 
> 
0111111001 
6 
0110111011 
SOH 
'0ס0ooooo, 
5' 
~ 
1001110101 
Y 
1001100101 
~ 
1001111111 
DC' 
10001ססoo1 
52 
0001010101 
H 
0001000101 
0001011111 
E 
101ססoo101 
53 
b 
0100010101 
~010ססoo101 
b 
0100011111 
T 
0010100101 
54 
0101111001 
0101011001 
0101111011 
SYN 
01101ססoo1 


55 
> 
0111111001 
> 
0111111001 
> 
0111111011 
Z 
0101100101 
56 
NUL 
1101111001 
+ 
1101011001 
NUL 
1101111011 
Y 
1001100101 
57סס0oooooo' 
NULסס0oooooo1סס0oooooo1 
NU~סס0oooooo' 


58 
0101011001 
0101011001 
0101011001 
0101011011 
59 
I 
1ססoo11001 
I 
1ססoo11001 
I 
1ססoo1lOCH 
, 
1ססoo11011 
60 
7 
1110111001 
• 
0110011001 
7 
1110111011 
ETX 
11ס0ooooo1 
6' 
u 
1010110101 
U 
1010100101 
u 
1010111111 
BEL 
111000ooo1 
62 
~ 
0101010101 
J 
0101000101 
~ 
0101011111 
F 
011ססoo101 
63 
0111010101 
N 
0111000101 
0111011111 
U 
1010100101 
54 
~ 1011111000 
~ 1011111000 
~ 1011111010 
~ 0111111100 
65 
< 
0011111001 
< 
0011111001 
< 
0011111011 
W 
1110100101 
66 
Pססoo110101 
Pססoo100101 
Pססoo111111 
J 
0101000101 
67 
0ססoo111001 
) 
1001011001 
0ססoo111011 
DC2 
01001ססoo1 
68 
• 
0110011001 
• 0110011001 
• 
0110011001 
• 
0110011011 
69 
I 
1100011001 
~ 1100011001 
I 
1100011001 
I 
1100011011 
70 
8 
0001111001 
0101011001 
8 
0001111011 
ESC 
11011ססoo1 
71 
; 
1001010101 
I 
1001000101 
; 
1001011111 
ACK 
011000ooo1 
72 
k 
1101010101 
K 
1101000101 
k 
1101011111 
G 
111ססoo101 
73 
m 
1011010101 
M 
1011000101 
m 
1011011111 
~ 0110100101 
74 
I 
1111011001 
~1111111001 
! 1111011001 
1110011001 
7S 
1110011001 
0100011001 
1110011001 
0100011001 
76 
LF 
0101000ooo 
LF 
0101000ooo 
LF 
0101000ooo 
GS 
101110ססoo 
n 
~ 1011111001 
+ 
1101011001 
1011111001 
+ 
1101011001 
78 
FF 
0011001001 
< 
0011111001 
FF 
00110ססoo1 
FF 
0011ססoo11 
79 
( 
0001011001 
I 
0001011001 
( 
0001011001 
EJ 
0001011011 
80 
9 
1001111001 
0001011001 
9 
1001111011 
10011ססoo1 
81 
0 
1111010101 
0 
1111000101 
0 
1111011111 
~ 
1011100101 
82 
I 0011010101 
L 
0011000101 
I 0011011111 
0001100101 
83 
0011011001 
0011011001 
0011011001 
0011011011 
54 
0111011001 
0111011001 
0111011001 
0111011011 


8S 
j 


1101111001 
i 
0101111001 
i 
1101111001 
i 
0101111001 
66 
1011100101 
1101100101 
1011100101 
1101100101 


87 
1011011001 
- 
1111100101 
1011011001 
- 
1111100101 
88 
0ססoo111001 
0ססoo111001 
0ססoo111001 
0ססoo111001 


89 
9 
1001111001 
) 
1001011001 
HT 
10010ססoo1 
HT 
10010ססoo1 
I 


OPTIONS: 
Internal 
Oscillator 
(Pins 1, 2, 3) 
Any Key Down (Pin 4) Positive 
Output 


.N-Key Rollover 
only 
Pulse Data Ready signal 


Internal 
Resistor 
to GND on Shift and 
Control 
Pins 
KR9600-STD 
outputs 
provides 
ASCn 
bits 1-6 on B1-B6, and bit 7 on B8 


Normal 
Shift 
Control 
Shift/Control 


XV 
8-12345678910 
8·12345678.910 
8·12345678910 
8·12345678910 


00 
0000000100 
0101010100 
1010100100 
1010100100 
01 
0000001001 
0101011001 
1010101001 
1010101001 
02 
0000001101 
0101011101 
10101011 01 
1010101101 
03סס oo0100 
01 
01011000 01 
1010110001 
10101100 01 
04סס oo010101 
0101100101 
1010110101 
1010110101 
05סס oo011001 
0101101001 
1010111001 
1010111001 
06סס oo011101 
0101101101 
1010111101 
1010111101 
07סס oo100001 
0101110001 
1011סס oo01 
1011סס oo01 
oaסס oo100001 
0101110001 
1011סס oo01 
1011סס oo 01 
09סס oo100101 
0101110101 
1011000101 
1011000101 
10סס oo101001 
0101111001 
1011001001 
1011001001 
11סס oo101101 
0101111101 
1011001101 
1011001101 
12סס oo110001 
0110סס oo01 
1011010001 
1011010001 
13סס oo110001 
0110סס oo01 
1011010001 
1011010001 


14סס oo110101 
011סס oo101 
1011010101 
1011010101 
15סס oo111001 
0110001001 
1011011001 
1011011001 
I.סס oo111101 
0110001101 
1011011101 
1011011101 


17 
0001סס oo01 
0110010001 
1011100001 
1011100001 
18 
0001000101 
0110010101 
1011100101 
1011100101 
I. 
0001001001 
0110011001 
1011101001 
1011101001 
20 
0001001111 
0110011111 
1011101111 
1011101111 
21 
00010100 
11 
01101000 
11 
10111100 11 
10111100 11 
22 
0001010111 
0110100111 
1011110111 
1011110111 
23 
0001011011 
0110101011 
1011111011 
1011111011 
24 
0001011111 
0110101111 
1011111111 
1011111111 
25 
00011000 
11 
01101100 
11 
11000ooo 11 
11000ooo 11 
2. 
0001100111 
0110110111 
110סס oo111 
110סס oo1 11 
27 
0001101011 
0110111011 
11סס oo1011 
11סס oo1011 
28 
0001101111 
0110111111 
11סס oo1111 
11סס oo1111 
29 
00011100 
11 
0111סס oo 
11 
11000100 11 
11000100 11 
30 
0001110101 
0111000101 
1100010101 
1100010101 
31 
0001111001 
0111001001 
1100011001 
1100011001 
32 
0001111101 
0111001101 
1100011101 
1100011101 
33 
0001111101 
01110011 01 
1100011101 
1100011101 
34 
0010סס oo01 
0111010001 
1100100001 
1100100001 
35 
0010000101 
0111010101 
1100100101 
1100100101 
3. 
0010001001 
0111011001 
1100101001 
1100101001 
37 
0010001101 
0111011101 
1100101101 
11001011 01 
38 
0010010001 
0111100001 
1100110001 
1100110001 
3. 
0010010101 
0111100101 
1100110101 
1100110101 


40 
0010011011 
0111101011 
1100111011 
1100111011 


41 
0010011111 
01111011 
11 
1100111111 
1100111111 
42 
0010100011 
0111110011 
1101000011 
1101000011 
43 
0010100111 
0111110111 
1101000111 
1101000111 


44 
0010101011 
0111111011 
1101001011 
1101001011 


45 
0010101111 
0111111111 
1101001111 
1101001111 
4. 
0010110011 
1000000011 
1101010011 
1101010011 


47 
0010110111 
10000001 11 
1101010111 
1101010111 
48 
0010111011 
1000001011 
1101011011 
1101011011 
4. 
0010111011 
1000001011 
1101011011 
1101011011 
50 
0010111101 
10000011 01 
1101011101 
1101011101 


51 
0011000001 
1000010001 
1101100001 
1101100001 


52 
0011000101 
1000010101 
1101100101 
1101100101 


53 
0011000101 
1000010101 
1101100101 
1101100101 
54 
0011001001 
1000011001 
1101101001 
1101101001 
55 
0011001101 
1000011101 
1101101101 
11011011 01 
•• 
0011010001 
1000100001 
1101110001 
1101110001 
57 
0011010100 
1000100100 
1101110100 
1101110100 
•• 
0011011001 
1000101001 
1101111001 
1101111001 


5. 
0011011101 
10001011 01 
1101111101 
1101111101 


60 
0011100011 
1000110011 
1110סס oo11 
1110סס oo 11 
., 
0011100111 
1000110111 
111סס oo111 
111סס oo111 
.2 
0011101011 
1000111011 
1110001011 
1110001011 
63 
0011101111 
1000111111 
1110001111 
1110001111 
64 
00111100 
11 
1001סס oo 11 
11100100 11 
11100100 11 
.5 
0011110111 
10010001 11 
1110010111 
1110010111 
66 
0011111011 
1001001011 
1110011011 
1110011011 
.7 
0011111111 
1001001111 
1110011111 
1110011111 
68 
0011111111 
10010011 11 
1110011111 
1110011111 
•• 
00111111 
11 
1001001111 
1110011111 
1110011111 
70 
01000ooo01 
1001010001 
1110100001 
1110100001 
71 
010סס oo101 
1001010101 
1110100101 
1110100101 
72 
01סס oo1001 
1001011001 
1110101001 
1110101001 
73 
01סס oo1101 
1001011101 
11101011 01 
1110101101 
74 
0100010001 
1001100001 
1110110001 
1110110001 
75 
0100010101 
1001100101 
1110110101 
1110110101 
7. 
0100011001 
1001101001 
1110111001 
1110111001 
77 
0100011101 
1001101101 
11101111 01 
1110111101 
78 
0100100001 
1001110001 
1111סס oo01 
1111סס oo01 
7. 
0100100101 
1001110101 
1111000101 
1111000101 


80 
0100101001 
1001111001 
1111001001 
1111001001 


81 
0100101101 
1001111101 
1111001101 
1111001101 
82 
0100110001 
1010סס oo01 
1111010001 
1111010001 
83 
0100110101 
101סס oo101 
1111010101 
1111010101 
84 
0100111001 
1010001001 
1111011001 
1111011001 


85 
0100111101 
1010001101 
1111011101 
11110111 01 


8. 
0101סס oo01 
1010010001 
1111סס oo01 
1111100001 


87 
0101000101 
1010010101 
1111000101 
1111100101 
88 
0101001001 
1010011001 
1111101001 
1111101001 
8. 
0101001101 
1010011101 
1111101101 
1111101101 


OPTIONS 
FOR THE 
KR9601-STD: 


PINS 1,2,3 
INTERNAL 
OSCILLATOR 
[Input clock divisor 
= 1] 
PIN 4 
CE 
[Active 
Low] 
PIN 5 
AR 1 [ARO fixed at Lo = 0] 
[FIXED 
LONG 
DELAY 
OF 40000 
CLOCK 
TIMES] 
[FIXED 
SHORT 
DELAY 
OF 6250 CLOCK 
TIMES] 


PIN 6 
AKO [positive 
true] 


Pulsed 
DATA READY 
signal 


N-KEY 
ROLLOVER 
Pull-down 
resistor 
to ground 
at the following 
pins: 


_SHIFT 
_CONTROL 
_CAPS-LOCK 
_ARO 


OPTIONS 
FOR THE KR9602-STD: 
N-KEY 
ROLLOVER 


AUTO-REPEAT 
(FIXED 
LONG 
DELAY 
OF 40000 
CLOCK 
TIMES) 


(FIXED 
SHORT 
DELAY 
OF 6250 
CLOCK 
TIMES) 


1 STOP 
bit. 


No PARITY 
bit. 


Input clock 
divisor 
of 63 


Pull-down 
resistor 
to ground 
at the following 
pins: 


-SHIFT 
-CONTROL 
-CAPS-LOCK 


Normal 
Shift 
Control 
Shift Control 


XV 
8-12345678910 
8-12345678910 
8-12345678910 
8-12345678910 


00ססoo110001 
1001010001ססoo110001 
1001010001 
01 
1001110001 
0001010001 
1001110001 
0001010001 
02 
0001110001 
0101010001 
0001110001 
0101010001 
03 
1110110001 
0110010001 
1110110001 
0110010001 
04 
0110110001 
0111101001 
0110110001 
0111101001 


05 
1010110001 
1010010001 
1010110001 
1010010001 
06 
0010110001 
0010010001 
0010110001 
0010010001 
07 
1100110001 
1100010001 
1100110001 
1100010001 
08 
0100110001ססoo001001 
0100110001ססoo001001 
09 
1000110001 
1000010001 
1000110001 
1000010001 
10 
0001ססoo01 
00010ססoo1 
00010ססoo1 
00010ססoo1 
11 
1010110001 
1101010001 
1011110001 
1101010001 
12 
1011010001 
1111101001 
1111100001 
1111100101 
13 
1010101001 
1010111001 
1011100001 
1010100101 
14 
1101101001 
1101111001 
110110ססoo 
1101100100 
15 
1111011011ססoo101011ססoo100011ססoo100111 
16 
1111011011 
1111001011 
1111ססoo11 
1111000111 
17 
1001011011 
1001001011 
1001ססoo11 
1001000111 
18 
1010111011 
1010101011 
1010100011 
1010100111 
19 
1001111011 
1001101011 
1001100011 
1001100111 
20 
0010111011 
0010101011 
0010100011 
0010100111 
21 
0100111011 
0100101011 
0100100011 
0100100111 
22 
1010011011 
1010001011 
1010ססoo11 
101ססoo111 
23 
1110111011 
0101001011 
1110100011 
1110100111 
24 
1000111011 
1000101011 
1000100011 
1000100111 
25 
nOl100000 
110110ססoo 
110110ססoo 
110110ססoo 
26 
10010ססoo1 
1001000101 
10010ססoo1 
1001000101 
27 
10110ססoo1 
10110ססoo1 
10110ססoo1 
10110ססoo1 
28 
0ססoo11001 
0111111001ססoo011001 
0111111001 
29 
1110010001 
0100010001 
1110010001 
0100010001 


30 
1101110001 
0101110001 
1101110001 
0101110001 
31 
0011011011 
0011001011 
0011ססoo11 
0011000111 
32 
1101011011 
1101001011 
1101ססoo11 
1101000111 
33 
0101011011 
0101001011 
0101ססoo11 
0101000111 
34 
0001011011 
0001001011 
0001000011 
0001000111 


35 
1110011011 
1110001011 
1110ססoo11 
1110000111 
36 
0110011011 
0110001011 
0110ססoo11 
0110000111 
37 
0010011011 
0010001011 
0010ססoo11 
0010000111 
38 
1100111011 
1100101011 
1100100011 
1100100111 
39 
1ססoo11011 
10ססoo1011 
1000ססoo11 
1000ooo111 
40 
1111010001 
1111110001 
1111010001 
1111110001 


41 
0111010001 
0111110001 
0111010001 
0111110001 
42 
0011010001 
0011110001 
0011010001 
0011110001 
43 
1011011011 
1011001011 
1011ססoo11 
1011100111 


44 
0111011011 
0111001011 
0111ססoo11 
0111000111 
45 
0100011011 
01ססoo1011 
01000ooo11 
010ססoo111 
46 
0110111011 
0110101011 
0110100101 
0110100111 
47 
1100011011 
11ססoo1011 
1110100101 
110ססoo111 
48 
0001100011 
0001100011 
0001100101 
0001100111 
49 
0101111011 
0101101011 
0101100011 
0101100111 
50 
0011101001 
0011111001 
00111ססoo1 
0011100101 
51 
0ססoo10001 
0ססoo10001 
0ססoo10001 
0ססoo10001 
52 
101000ooo1 
101000ooo1 
101ססoo101 
101ססoo101 
53 
011000ooo1 
011000ooo1 
011ססoo101 
011ססoo101 
54 
111000ooo1 
111000ooo1 
111ססoo101 
111ססoo101 
55 
10010ססoo1 
10010ססoo1 
1001000101 
1001000101 


56 
01010ססoo1 
01010ססoo1 
0101000101 
0101000101 


57 
11010ססoo1 
1101ססoo01 
1101000101 
1101000101 


56 
01110ססoo1 
0111ססoo01 
0111000101 
0111000101 
59 
1111ססoo01 
1111ססoo01 
1111000101 
1111000101 


60ססoo100001 
mg~gggg~ססoo100101ססoo100101 
61 
1000100001 
1000100101 
1000100101 


62 
0100100001 
0100100001 
0100100101 
0100100101 


63 
1100100001 
1100100001 
1100100101 
1100100101 


64 
0010ססoo01 
0010ססoo01 
0010000101 
0010000101 


65 
1010100001 
1010100001 
1010100101 
1010100101 


66 
0110100001 
01101ססoo1 
0110100101 
0110100101 
67 
1110100001 
1110100001 
1110100101 
1110100101 
68 
00011ססoo1 
0001100001 
0001100101 
0001100101 
69 
10011ססoo1 
10011ססoo1 
1001100101 
0001100101 
70 
01011ססoo1 
01011ססoo1 
0101100101 
0101100101 
71 
00111ססoo1 
00111ססoo1 
0011100101 
0011100101 
72 
10111ססoo1 
10111ססoo1 
1011100101 
1011100101 
73 
01111ססoo1 
01111ססoo1 
0111100101 
0111100101 
74 
11111ססoo1 
11111ססoo1 
1111100101 
1111100101 
75סס0oooooo1סס0oooooo1ס0ooooo101ס0ooooo101 
76 
10ס0ooooo1 
10ס0ooooo1 
1000ooo101 
1000ooo101 
n 
01ס0ooooo1 
01ס0ooooo1 
010ססoo101 
010ססoo101 
78 
11ס0ooooo1 
11ס0ooooo1 
110ססoo101 
110ססoo101 
79 
001000ooo1 
001000ooo1 
001ססoo101 
001ססoo101 
80ססoo110111ססoo110011ססoo110111ססoo110011 
81 
1001110111 
1001110011 
1001110111 
1001110011 
82 
1000100011 
0001110011 
1000100011 
0001110011 
63 
1110110111 
1110110011 
1110110111 
1110110011 
64 
1100100011 
0110110011 
1100100011 
0110110011 
85 
1010110111 
1010110011 
1010110111 
1010110011 
86 
0100100011 
0010110011 
0100100011 
0010110011 
87 
1100110111 
1100110011 
1100110111 
1100110011 
88 
0010100011 
0100110011 
0010100011 
0100110011 
89 
1000110011 
1000110011 
1000110111 
1000110011 


OPTIONS FOR THE KR9602-012 ASCII: 
Lockout 
AutoRepeat 
(Fixed 
Long Delay of 60,000 
Clock Times) 
(Fixed Short 
Delay of 2000 Clock Times) 
One Stop Bit 
Input Clock 
Divisor 
of 32 


No Parity 
Eight Data Bits 
Pull down Resistor 
to Ground 
is at the following 
pins: 


-SHIFT 
-CONTROL 
-CAPS 
LOCK 


OSCILLATOR 
FREQUENCY 
vs 


C1 FOR KR9600/~R9601 


.033 
200 


.022 
180 


.01 
160 


- 
140 
~ .005 
z 
0- 
120 
;0 
~ 
0 
.003 
z 
~ 
T.• = 25" 
C 
;0 
100 
« 
0 
u 
002 
NOMINAL 
VOLTAGE 
~ 
DElAY 
= 300nSEClCpF 
« 
80 
u 
.001 
60 


0 
40 


0 
6 
10 
12 


DElAY 
(mS) 
20 


\ 


R = lOOK!! 
~O:I~:~ 
SUPPlY- 
\ 
VOLTAGE 


\ 


\ 
\\ 


I" .•....•... - 


KEYBOARD 
LAYOUT FOR KR960119602-S'TD 
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STANDARD MICROSYSTEMS 
CORPORATION 


Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor 
applica- 
tions, consequently 
complete 
information 
sufficient for construction 
purposes 
is not necessarily given. The 
information 
has been carefully 
checked 
and is believed to be entirely 
reliable. However, no responsibility 
is 
assumed for inaccuracies. Furthermore. such information does not convey to the purchaser 
of the semiconductor 


devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possib!e. 


Microprocessor Products 


Pan 
Power 
Number 
Description 
Size 
Process 
Speed 
Supplies 
Package 
Page 


MPU800 
Microprocessor 
8 Bit 
CMOS 
2.5 MHz 
5V 
40 DIP 
755-756 
MPU800-1 
Microprocessor 
8 Bit 
CMOS 
1.0 MHz 
5V 
40 DIP 
755-756 


MPU800-4 
Microprocessor 
8 Bit 
CMOS 
4.0 MHz 
5V 
40 DIP 
755-756 
MPU810A 
RAM-I/O-T1mer 
8 Bit 
CMOS 
2.5 MHz 
5V 
40 DIP 
757-758 
MPU81OA-1 
RAM-I/O-T1mer 
8 Bit 
CMOS 
1.0 MHz 
5V 
40 DIP 
757-758 
MPU81OA-4 
RAM-I/O-T1mer 
8 Bit 
CMOS 
4.0 MHz 
5V 
40 DIP 
757-758 
MPU830 
ROM-I/O 
8 Bit 
CMOS 
2.5 MHz 
5V 
40 DIP 
759-760 
MPU830-1 
ROM-I/O 
8 Bit 
CMOS 
1.0 MHz 
5V 
40 DIP 
759-760 
MPU830-4 
ROM-I/O 
8 Bit 
CMOS 
4.0 MHz 
5V 
40 DIP 
759-760 
MPU83 1 
1/0 
8 Bit 
CMOS 
2.5 MHz 
5V 
40 DIP 
759-760 
MPU83 1 
1/0 
8 Bit 
CMOS 
1.0 MHz 
5V 
40 DIP 
759-760 
MPU83 1-4 
I/O 
8Blt 
CMOS 
4.0 MHz 
5V 
'to DIP 
759-760 
I 


STANDARD MICROSYSTEMS 
CORPORATION, 
MPU 800 
MPU 800-1 
MPU 800-4 


PRELIMINARY 


High-Performance 
Low-Power Microprocessor 


o Variable Power Supply: 
2.4V - 6.0V 
o Fully Compatible 
Wth Z80@>Instruction 
Set 
o Pin-Compatible 
With NSCBOO 
o Powerful 
Set of 158 Instructions 
o 10 Addressing 
Modes 


022 
Internal 
Registers 
o Low Power: 50 mW at 5 V Vcc 
o Multiplexed 
Bus Structure 
o On Chip Bus Controller 
and Clock Generator 


DOn-Chip 
8 bit Dynamic 
RAM Refresh Circuitry 
o Three Speed Versions: 
MPUBOO-4 
4 MHz 
MPUBOO 
2.5 MHz 


MPUBOO-1 
1 MHz 
o Capable 
of addressing 
64 k bytes of memory, 
and 


256 I/O devices 
o Five interrupt 
request 
lines on-chip 
o Schmitt 
trigger 
input on reset 
o Power-Save 
Feature 


The MPUBOO is an B bit microprocessor 
that functions 
as 


the central 
processing 
unit (CPU) in Standard 
Microsys- 
tems MPUBOO microcomputer 
family. The device is fabri- 


cated in double-poly 
CMOS to combine 
high performance 


with the low-power 
of CMOS. 


Many system 
functions 
are incorporated 
on the device 


AB 
A9 
A10 
All 
A12 
A13 


A14 
A1S 
ClK 
XOUT 


XIN 
ADO 
ADl 
AD2 
AD3 
AD4 


ADS 
AD6 
AD? 
GND 


vo< 
PS 


WAIT 
AESETOUT 
BRffi 
BACK 
101M 
~ 
AD 
WA 
ALE 
so 
AFSH 
S1 


INTA 
1NfJ1 
~ 
RS'FB 
RSTA 


NMI 


including: 
vectored 
priority 
interrupts, 
refresh 
control, 


power save, and interrupt 
acknowledge. 


Dedicated 
peripherals 
(MPUB1 0 Ram I/O Timer, MPUB30 


ROM 
110 Timer, 
and (MPUB31 
I/O Timer) 
have on-chip 


logic for direct interface 
to the MPU800. 
I 


STANDARD MICROSVSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of iliustrating 
typical semiconductor 


CORPOR 1\,""",1 ••••••• 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 
MIIVI'If 
The information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 


•••••••• 
• ••.,.... 
",,~ 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


I 
''', ",,,~~,.m_ 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 


756 


RAM-I/O- Timer 


FEATURES 
o Variable Power Supply: 2.4V-6.0V 
o Pin-Compatible 
With NSC81 0 
o Three Programmable 
I/O Ports 
o Two 16 Bit Programmable 
Counter Timers 
o Very Low Power Consumption 
o Fully Static Operation 
o Single Instruction I/O Bit Operations 
o Timer Operation: DC to 5 MHz 
o Bus Compatible with MPU800 Family 
o Three Speed Versions For Full 


Compatibility with the MPU800: 
MPU81 0-4-4 
MHz 


MPU810 
-2.5 
MHz 


MPU810-1-1 
MHz 


The 
MPU810A 
functions 
as a memory, 
input/output 


peripheral 
interface, 
and a timing device. The memory 
is 


comprised 
of 1024 bits of static RAM organized 
128 by 8. 
The I/O portion consists 
of 22 programmable 
input/out- 


put bits arranged as three separate ports, with each bit indi- 
vidually 
definable 
as an input or output. The port bits can 


be set or cleared 
individually 
and can be written or read in 


bytes. Several types of strobed mode operations 
are avail- 


able through port A. 


The timer 
portion 
of the device 
consists 
of two pro- 
grammable 
16 bit binary down-counters 
each capable 
of 


operation 
in anyone 
of 6 modes. Timer counts are extend- 


able by one of the available pre-scale values. The MPU81 OA 
comes in three speed versions to match the MPU800. 


PC3ITG 
PC4lTliN 


TOIN 


RESET 
PCSlTlOUT 
TOOUT 
10T//;1 


CE 
Rr5 
WI1 
ALE 
ADO 
ADl 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 
GND 


MPU810A 
MPU 810A-1 
MPU 810A-4 


PRELIMINARY 


v« 
pC2lSTIl 
PC1/BF 
pco/iN"TR 
PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PBl 
PBO 
PA7 
PA6 
PAS 
PA4 
PA3 
PA2 
PAl 
PAO 


I 


STANDARD MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPOR 
I\TV'\AI 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 


MI lVl'ft 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 


" 
••• 
<••• 
~ 
,,,_ 
,,,,oM 
assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


"", '" ,'•.••• ,.•"'.. 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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MPU 830 ROM I/O Device 
MPU 831 I/O Device 


FEATURES 


D Variable Power Supply: 2.4V-6.0V 
D Pin-Compatible 
With NSC830/NSC831 


D Three Programmable 
1/0 Ports 


D 2K x 8 Read Only Memory 
(MPU830) 


D Very Low Power Consumption 
D Fully Static Operation 
D Single Instruction 
1/0 Bit Operations 


D Bus Compatible 
With MPU800 
Family 


D Strobed Mode Available on Port A 


PAO 
A8 
A9 
Al0 


RESET 
CEo/CEo" 


10/M 


10R/CE,/CE,' 


RD 


WR 
ALE 
ADO 
ADl 
AD2 
AD3 
AD4 
ADS 
AD6 
AD? 
vss 


Vex; 
PAl 
PA2 
PA3 
PM 
PAS 
PA6 
PAl 
PCO/INTR 
PC1/BF 
PC2/STB 
PC3 
PBO 
PBl 
PB2 
PB3 
PB4 
PBS 
PB6 
PB? 


MPU830 
MPU831 


PRELIMINARY 


Vex; 
PAl 
PA2 
PA3 
PM 
PAS 
PA6 
PAl 
PCO/INTR 
PC1/BF 
PC2/STB 
PC3 
PBO 
PBl 
PB2 
PB3 
PB4 
PBS 
PB6 
PB? 


·Pin 6 is mask programmable as CEo or CEo 
*Tie pins 2, 3 and 4 to either Vcc or Vss- 


Pin 8 is mask programmable 
as lOR, CE" 
or GEl 


GENERAL 
DESCRIPTION 


The MPU830 
is a combination 
ROM and 
1/0 


peripheral 
device 
contained 
in a standard 
40 pin 


package. 
The ROM is comprised 
of 16,384 bits of Read 


Only Memory organized 
as 2048 by 8. 


The 
1/0 portion 
consists 
of 20 programmable 


input/output 
bits arranged as three separate ports, 


with each bit individually 
definable 
as an input or 


output. The port bits can be set or cleared individ- 
ually and can be written or read in bytes. Several 
types 
of strobed 
mode 
operations 
are available 


through port A. 


The MPU831 
is similar to the MPU830 
except 


that is contains 
no ROM. The MPU831 is useful for 


prototyping work prior to ordering the MPU830, and 
when on chip ROM is not required. 


RESET 


CEo 
Vcc 
CE, 
RD 
WR 
ALE 
ADO 
ADl 
AD2 
AD3 
AD4 
ADS 
AD6 
AD? 
vss 


t10'C~~ 


IORICE1'~E~ 
\~) 
; 


IO:~ 


"LE~ 


RESET 
~ 
L-_---' 


AOOfl£$$1 
,,,. 


BUFfERS 
'" 
LATC"U 
I 


STAN~RD MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPOR 
I\TV'\II.I 
applications: consequently complete information sufficient for construction purposes is not necessarily given. 
iiiii""i'illVlilll~;;~~~; 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 
• ,,_ 
•••••••••••••,"•• assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 


p ,,",m ,"oo·~.,.m "" 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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Part 


Dumber 


SR 5015-80, 81, 133 


SR5017 
SR5018 


"~I Shift Register 


Max 
Power 
Feature 
Clock Freq. 
Supply 
Package 
Page 


Load, Recirculate, 
1 MHz 
+5 
16 DIP 
763-764 
Shift Controls 
Shift Left/Shift 
Right, Recirculate 
1 MHz 
+5 
16 DIP 
765-766 


Controls 


I 


~H 
OU 10-0 I 


SR 5015-133 


Quad Static Shift Register 


FEATURES 
o COPLAMOS® N Channel Silicon Gate 
Technology 


o Variable Length-Single 
Mask 
Programmable-1 
to 134 bits 


o Directly TIL-compatible 
on all inputs, 
outputs, and clock 


o Clear function 
o Operation guaranteed from DC to 1.0 MHz 
o Recirculate logic on-chip 
o Single +5.0V power supply 
o Low clock input capacitance 
o 16 pin ceramic DIP Package 
o Pin for Pin replacement for AMI S2182, 83, 85 


APPLICATIONS 
o Memory Buffering 
o Unique Buffering Lengths 
o Terminals 


INPUT A 
OUTPUT A 


RECASC 
RID 


CLEAR 
OUTPUTD 


INPUTS 
INPUTD 


OUTPUTS 
RECD 


GND 
NC 


Vcc 
INPtJTC 


OUTPUTC 
CLOCK 


I 


STAN~D 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 


CORPORI\TInA"~~iiiii~i.!J!applications: consequently complete information sufficient for construction purposes is not necessarily given. 
1••• 
11"\.~.11VI.1I 
The information has been carefully checked and is believed to be entirely reliable. However,no responsibility is 
r"tf~~'~;2~= 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of fhe 


, 
semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 
right to make changes at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION4 
SR 5017 
SR 5018 


Quad Static Shift Right/Shift Left Shift Register 


Last In First Out Buffer 
LIFO 
FEATURES 
o COMPLAMOS® N-Channel Silicon 
Gate Technology. 
o Quad 81 bit or Quad 133 bit 
o Directly Compatible with FL, 
MOS 


o Operation Guaranteed from DC to 
1.0MHz 


o Recirculate logic on-chip 
o Single +5.0V power supply 
o Low clock input capacitance 
o Single phase clock at FL levels 
o Clear function 
o 16-pin Ceramic DIP Package 


APPLICATIONS 
OBi-Directional 
Printer 


o Computers-Push 
Down 
Stack-LIFO 


o Buffer data storage-memory 
buffer 


o Delay lines-delay 
line processing 


o Digital filtering 


PIN CONFIGURATION 


INPUT D 
16 
RECD 


RID 
2 
15 
GND 


OUTPUTD 
3 
14 
OUTPUTC 


CLEAR 
4 
13 
INPUTC 


OUTPUT A 
5 
12 
INPUTB 


URCON 
6 
11 
OUTPUTB 


INPUTA 
7 
'10 
RECABC 


CLOCK 
8 
9 
vcc 


o Telemetry Systems 
o Terminals 
o Peripheral Equipment 


I 


STAN~D 
MICROSYSTEMS 
Circuit diagrams 
utilizing SMC products are included as a means of illustrating 
typical semiconductor 
CORPOR 


1\"I"I1"'\II.1 1iiiliiiliii 
<lIlPlications:consequently complete information sufficient for construction purposes is not necessarily given. 
MIIVl1l, 
The information has been carefully checked and is believed to be entirely reliable. However, no respcnsibllity is 
1111•••• 
~_..."'-,.,"..assumed 
for inaccuracies. 
Furthermore, 
such information 
does not convey to the purchaser 
of the 
·,.,m ,"00, ~ 
,. m •••• semiconductor devices described any license under the patent rights of SMC or others. SMC reserves the 


right to make changes at any time in order to improve design and supply the best product possible. 
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Plastic Package Outlines 


[ 
--------J 


------- 


DIM 
8 LEAD 
14 LEAD 
16 LEAD 
18 LEAD 
20 LEAD 
24 LEAD 
28 LEAD 
40 LEAD 
48 LEAD 


A 
.380-.400 
.750-.770 
.750-.770 
.900-.920 
1.025-1.050 
1.245-1.265 
1.450-1 .470 2.050-2.070 
2.430-2.460 


B 
.240-.250 
.240-.250 
.240-.250 
.240-.250 
.240-.260 
.530-.545 
.535-.550 
.535-.550 
.530-.550 
C 
.125-.135 
.125-.135 
.130-.140 
.125-.140 
.125-.140 
.145-.155 
.145-.155 
.145-.155 
.140-.200 


D 
.016-.021 
.016-.021 
.016-.021 
.016-.021 
.016-.021 
.016-.021 
.016-.021 
.016-.021 
.015-.021 


E 
.290-.330 
.290-.330 
.290-.330 
.290-.330 
.290-.330 
.590-.630 
.590-.630 
.590-.630 
.580-.630 


F 
.055-.065 
.060-.070 
.060-.070' 
.060-.070 
.060-.070 
.060-.070 
.060-.070 
.050-.060 
.040-.065 


G 
.090-.110 
.090-.110 
.090-.110 
.090-.110 
.090-.110 
.090-.110 
. 
.090-.110 
.090-.110 
.090-.110 


H 
.040-.050 
.075-.085 
.025-.035 
.040-.060 
.065-.075 
.065-.085 
.070-.090 
.070-.090 
.065-.090 
J 
.010-.014 
.010-.014 
.010-.014 
.010-.014 
.010-.014 
.010-.014 
.010-.014 
.010-.014 
.007-.014 


K 
.120-.140 
.120-.140 
.120-.140 
.120-.140 
.120-.140 
.120-.140 
.120-.140 
.120-.140 
.120-.160 


L 
.315-.370 
.315-.365 
.315-.365 
.315-.365 
.315-.365 
.610-.670 
.610-.670 
.610-.670 
.610-.675 


M 
.210-.250 
.210-.250 
.210-.250 
.210-.250 
.210-.250 
.210-.250 
.210-.250 
.210-.250 
.210-.250 


I 


Plastic Surface Mount Package Outlines 
20, 28, 44, 68, 84 J-Lead Carrier 


D1 UUDDDDJ~ 
I 


D 


1. All dimensions are in inches. 


2. Circle indicating pin 1 can appear 


on a top surface as shown on the 
drawing or right above it on a 
beveled edge. 


r~~~+L 
T 


DIM 
20L 
28L 
44L 
68L 
84L 


A 
.165-.180 
.160-.188 
.160-.188 
.160-.190 
.165-.179 


A1 
.090-.12"0 
.090-.120 
.090-.120 
.090-.130 
.095-.109 


0 
.385-.395 
.482-.495 
.682-.695 
.982-.995 
1.185-1.195 


01 
.350-.356 
.450-.456 
650-.656 
.950-.956 
1.150-1.156 


02 
.290-.330 
.390-.430 
.590-.630 
.890-.930 
1.090-1.130 


03 
.200 
.300 
.500 
.800 
1.000 


F 
.050TYP 
.042-.056 
.042-.060 
.042-.062 
.050TYP 


G 
.045 TYP 
.042-.048 
.042-.048 
.042-.048 
.045TYP 


J 
.000-.020 
.000-.020 
.000-.028 
.00-.028 
.010 


E 
.047-.053 
.047-.053 
.047-.053 
.047-.053 
.047-.053 


R 
.025-.045 
.025-.045 
.025-.045 
.025-.045 
.025-.045 


B 
.013-.021 
.013-.021 
.013-.021 
.013-.021 
.013-.021 


B1 
.026-.032 
.026-.032 
.026-032 
.026-.032 
.027 


C 
.020-.045 
.020-.045 
.020-.045 
.020-.045 
.020-.045 


Small Outline Package 
(SOle), 
16 Lead Plastic 


D 
I· 
~I~ 


S"'i"9~~J 
Plane 
~I- 
Al 
A 


DIM 
MIN 
MAX 


A 
.053 
.069 


Al 
.004 
.010 


B 
.014 
.019 


e 
.0075 
.010 


D 
.386 
.394 


E 
.150 
.158 
e 
.050 BSe 


H 
.228 
.244 


h 
.010 
.020 


L 
.016 
.050 


0( 
0° 
8° 


I 


Cerdip Hermetic Package Outlines 


14, 16, 18, 20 PIN CERDIP 
HERMETIC PACKAGES ~ 
I~:::~[~J 


'L~~~~~ 
JL 
--.j LJL 


24, 28, 40 PIN CERDIP HERMETIC 
PACKAGES 
W 
IC~~~~J' 
] 
I. 
A 
I 


ctftOO====~ 
L V V I~---- U u VI 


'-I~J L 
.oj l U 


DIM 
8 LEAD 
14 LEAD 
16 LEAD 
18 LEAD 
20 LEAD 
24 LEAD 
28 LEAD 
40 LEAD 


A 
AOO MAX 
.785 MAX 
.810MAX 
.915 MAX 
.970 MAX 
1.280 MAX 
1A60 
MAX 
2.070 MAX 


B 
.245-.295 
.244-.295 
.244-.295 
.265-.295 
.265-.295 
.510-.595 
.510-.595 
.510-.595 
C 
.160MAX 
.160 MAX 
.180 MAX 
.180 MAX 
.180MAX 
.180 MAX 
.180MAX 
.180MAX 


D 
.016-.020 
.016-.020 
.016-.020 
.016-.020 
.016-.020 
.016-.020 
.016-.020 
.016-.020 


E 
.290-.320 
.290-.320 
.290-.320 
.310-.330 
.310-.330 
.590-.620 
.590-.620 
.590-.620 


F 
.050-.070 
.050-.070 
.050-.070 
.050-.070 
.050-.070 
.050-.070 
.050- 
.070 
.050-.070 


G 
.100±.010 
.100 ± .010 
.100±.010 
.100±.010 
.100±.010 
.100±.010 
.100± 
.010 
.100-.010 


H 
- 
.065 TYP 
.020TYP 
.040TYP 
.020TYP 
.045TYP 
.045 TYP 
.045 TYP 
J 
.008-.012 
.008-.012 
.008-.012 
.008-.012 
.008-.012 
.008-.012 
.008-.012 
.008-.012 


L 
AOO MAX 
AOO MAX 
AOO MAX 
AOO MAX 
AOO MAX 
.700 MAX 
.700 MAX 
.700 MAX 


M 
.240-.300 
.240-.300 
.240-.300 
.240-.300 
.240-.300 
.240-.300 
.240-.300 
.240-.300 


K 
.125MIN 
.125 MIN 
.125MIN 
.125 MIN 
.125 MIN 
.125MIN 
.125 MIN 
.125MIN 


Ceramic Package Outlines 


14 LEAD 
16 LEAD 
18 LEAD 
20 LEAD 


DIM 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


A 
.670 
.760 
.790 
.810 
.885 
.915 
.965 
.995 


C 
.175 
.175 
.175 
.175 


D 
.015 
.021 
.015 
.021 
.015 
.021 
.015 
.021 


F 
.048 
.060 
.048 
.060 
.048 
.060 
.048 
.060 


G 
.090 
.110 
.090 
.110 
.090 
.110 
.090 
.110 


J 
.008 
.012 
.008 
.012 
.008 
.012 
.008 
.012 


K 
.130 
.170 
.130 
.170 
.130 
.170 
.130 
.170 


L 
.295 
.325 
.295 
.325 
.295 
.325 
.295 
.325 


M 
100 
100 
100 
100 


N 
.025 
.060 
.025 
.060 
.025 
.060 
.025 
.060 


24 LEAD 
28 LEAD 
40 LEAD 
48 LEAD 


DIM 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


A 
1.180 
1.220 
1.380 
1.430 
1.980 
2.030 
2.376 
2.424 


B 
.575 
.610 
.580 
.610 
.580 
.610 
.567 
.600 


C 
.595 
.625 
.595 
.625 
.595 
.625 
.590 
.620 


D 
.065 
.120 
.065 
.120 
.065 
.120 
.077 
.093 


E 
.020 
.070 
.020 
.070 
.020 
.070 
.025 
.060 


F 
.125 
.175 
.125 
.175 
.125 
.175 
.130 
.170 


G 
0.100 TP 
0.100 TP 
0.100 TP 
0.100 TP 


H 
0.05 TP 
0.05 TP 
0.05 TP 
0.500TP 


J 
0.018 TP 
0.018 TP 
0.Q18 TP 
0.018 
TP 


K 
0.040 TP 
0.040 TP 
0.040 TP 
0.040 TP 


L 
0.010 
NOM 
0.010 NOM 
0.010 NOM 
0.010 
NOM 


M 
0.600 TP 
0.600 TP 
0.600 TP 
0.600 TP 
• 


Ceramic Leadless 
Chip Carrier Outlines 


PIN 
/NO.1 


DIM 
68 LEAD 
44 LEAD 
84 LEAD 
A 
.072-.088 
.062-.078 
.072-.088 
A1 
.081-.099 
.071-.089 
.081-.099 
B 
.025TYP 
.025TYP 
.025TYP 
0 
.940-.965 
.640-.660 
1.135-1.165 
01 
.800 
.500 
1.000 
02 
.455-.820 
.355-.598 
.530-1.020 
03 
.450-.820 
.350-.590 
.500-.990 
e 
.050 Bse 
.050 Bse 
.050 Bse 


G 
.020 x 45° 
.020 x 45° 
.020 x 45° 


J 
.040x45° 
.040 x 45° 
.040x45° 


L 
.045-.055 
.045-.055 
.042 x .048 
L1 
.075-.095 
.075-.095 
.075-.095 


Cerquad Package Outline 


L 
.050I 
iI 


.900 
1.125 
sa: 
;:.005 


'DEFINES MINIMUM CLEAR LEADFRAME ZONE -zone consists of package body, 


including ceramic and glass. 


~ 


~180Lx 
-~~-~ 
__\L --.L 
I I 
t 
.120 


---.... 
~ 
max 
.030 
.020 
min 
mln 


.018L@f 


'DEFINES MINIMUM CLEAR LEADFRAME ZONE -zone consists of package body, 


including 
ceramic 
and glass. 


f 


.155 max 


~ 4.... 
~C 
__ C_C__C_C_Cl 
__ Cl_Cl 
__ C_Cl__c--'E12} 
max 


~I 
•••.• 


•• PC Board Socket available from Cannon lIT 
- pin CA111484 
10550 Talbert Ave., Fountain Valley, CA 92728-8048 
773 
I 


REGIONAL 
OFFICES 


NORTHEAST 
SALESI 
APPLICATIONS 
OFFICE 


S;andard 
Microsystems 
Corporation 
1 Tara 
Blvd. 
Suite 
202 
Nashua. 
New 
Hampshire 
03062 
PHONE: 
603-891-0040 
FAX: 603-891-2120 


NORTH 
CENTRAL 
SALES 
OFFICE 


Standard 
Microsystems 
Corporation 
CereD 


Post Office 
Box 292497 
5230 Carroll 
Canyon 
Road 
3411 Office 
Park 
Drive, 
Ste. 
106 
Suite 
214 


Kettering, 
Ohlo 45429 
San Diego, California 
92121 
PHONE: 
513-293-5393 
PHONE: 
619-450-1755 


TELEX: 
62862274 
TELEX: 
910-335-1220 


FAX: 513-293-7557 
FAX: 619-450-3681 


SOUTH 
CENTRAL 
COLORADO 


APPLICATIONS 
OFFICE 
Elcom, 
Inc. 
Standard 
Mlcrosystems 
2015 South 
Dayton 
Street 
Corporation 
Denver, Colorado 
80231 


250 South 
Stammons, 
Sle. 334 
PHONE: 
303-337-2300 


Lewisville, Texas 75067 
TELEX: 
62927893 (Easyllnk) 


PHONE: 
214-436-4009 
FAX: 303-745-0462 


TWX: 
62906119 (Ea.yllnk) 
FAX: 214-221-9364 
CONNECTICUT 
Orion 
Group 
WESTERN 
27 Meriden 
Avenue 


SALES 
OFFICE 
Southington, 
Connecticut 
06489 


~6rwd~~~~:k~~e~g5;~~~~~~~~1~fJ8~371 
San 
Jose, 
California 
95117 
FAX: 
203-628-0494 


PHONE: 
408-249-5000 
FAX: 408-247-5122 
DELAWARE 
Tritek 
Sales, 
Inc. 


WeSTERN 
21 E. Euclid 
Avenue 
APPLICATIONS 
OFFICE 
Haddonfield, 
New 
Jersey 
08033 


4900 
Eclipse 
Avenue 
PHONE: 
609·429-1551 


Mira 
Lorna, 
California 
91752 
TELEX: 
710-896-0881 
PHONE: 
714-681-4461 
FAX: 609-429-4915 


FAX: 714-681-5297 
L..---------I 
~LE~RIDA 


ALABAMA 
600 W. Hillsboro 
Blvd., 
Ste. 
300 


~~~~rJ~~~a~a~~~~~St~~oc. 
~~br1~~? 
3Boe~~~6:8L9ii441 


Jordan 
Center 
TELEX: 
510·100-4470 


Huntsville, 
Alabama 
35805--0306 
FAX: 
305-427-9911 


PHONE: 
205-536-3044 
FAX: 205-533-5097 
MEC 
989 
Woodgate 
Drive 


ALASKA 
Palm 
Harbor, 
FL 33563 
Quest 
Marketing, 
Inc. 
PHONE: 
813-784-8561 


15921 
N.E. 
8th 
Street, 
Ste. 
207 
FAX: 
305-427-9911 


Bellevue, 
Washington 
98008 


PHONE: 
206-747-9424 
MEC 
FAX: 
206-643·3488 
375 S. North 
Lake 
Blvd. 


Altamonte 
Springs, 
FL 32701 
ARIZONA 
PHONE: 
305-332-7158 


Southwest 
Technical 
Sales 
4314 
E. Tonto 
St. 
GEORGIA 


Phoenix, 
Arizona 
85044 
Electronic 
Marketing 
Associates 


PHONE: 
602·893·1209 
6695 
Peachtree 
Industrial 
Blvd. 


TELEX: 
910·950-0195 
Suite 
109 


FAX: 
602-893-1312 
Atlanta, 
Georgia 
30360 


PHONE: 
404-448·1215 


ARKANSAS 
FAX: 404-446-9363 


Southern 
States 
Marketing 
1143 Rockingham, 
Suite 
106 
IDAHO 


Richardson, 
Texas 
75080 
Quest 
Marketing, 
Inc. 


PHONE: 
214-238-7500 
15921 
N.E. 
8th 
St., 
Ste. 
207 
TWX: 
910-867-4754 
Bellevue, 
Washington 
98008 


FAX: 214-231-7662 
PHONE: 
206-747-9424 
FAX: 206-643-3488 


CALIFORNIA/North 
Costar, 
Inc. 
ILLINOIS/North 


19220 
Stevens 
Creek 
Blvd. 
Sumer, 
Inc. 
Cupertino, 
California 
95014 
1675 Hicks 
Road 
PHONE: 
408-446-9339 
Rolling 
Meadows, 
Illinois 
60008 
TELEX: 
910-338-0206 
PHONE: 
312-991-8500 


FAX: 
408-446-4885 
TELEX: 
62958372 
(Easyllnk) 


FAX: 
312-991-0474 


Varigon, 
Inc. 


23441 
S. Pointe 
Dr. 


Suite 
90 
Laguna 
Hills, 
CA 92653 


PHONE: 
714-855-0233 
TELEX: 
910-997-0225 
FAX: 714-458-0854 


ALABAMA 
Hall-Mark 
Electronics 
Corp. 


4900 
Bradford 
Drive 
Huntsville, 
Alabama 
35807 


PHONE: 
205-837-8700 


ARIZONA 
Cetec 
Electronics 
3617 
N. 35th 
Avenue 


Phoenix, 
Arizona 
85017 


PHONE: 
602-2n-7951 


Hall-Mark 
Electronics 
Corp. 


4040 
East 
Raymond 


Phoenix, 
Arizona 
85040 


PHONE: 
602-437-1200 


CALIFORNIA 
Cetec 
Electronics 


1692 
Browning 


Irvine, 
California 
92714 


PHONE: 
714-250-4141 


ILLINOIS/South 
S.W. Wollard 
Co. 


Rural 
Route 
1 


Post Office 
Box 66A 


Parker, 
Kansas 
66072 


PHONE: 
913-898·6552 
FAX: 913-898-6081 


INDIANA 
Wilson 
Technical 
Sales, 
Inc. 


PD 
Box 688510 


Indianapolis, 
Indiana 
46268 


PHONE: 
317-8n-2513 
TELEX: 
910-997-8120 
FAX: 
317-872-0664 


IOWA 
S.W. Wollard 
Co. 


Rural 
Route 
1 


Post Office 
Box 66A 


Parker, 
Kansas 
66072 


PHONE: 
913-898-6552 
FAX: 913-898-6081 


KANSAS 
S.W. Wollard 
Co. 


Rural 
Route 
1 


Post 
Office 
Box 66A 


Parker. 
Kansas 
66072 
PHONE: 
913-898-6552 
FAX: 913-898-6081 


KENTUCKY 
Wilson 
Technical 
Sales, 
Inc. 


P.O. Box 
688510 
Indianapolis, 
Indiana 
46268 


PHONE: 
317-8n-2513 
TELEX: 
910-997-8120 
FAX: 
317-872-0664 


LOUISIANA 
Southern 
States 
Marketing 


~i~~a~;~~~~~s 
?~6~0 106 


PHONE: 
214-238-7500 
TWX: 
910-867-4754 
FAX: 214-231-7662 


MAINE 
The 
Orion 
Group 
607 
North 
Ave. 


Wakefield, 
Massachusetts 
0188 
PHONE: 
617·245-5220 
TWX: 
510-601·0667 


MARYLAND 
Robert 
Electronic 
Sales 
5525 
Twin 
Knolls 
Rd., 
Ste. 325 


Columbia, 
Maryland 
21045 
PHONE: 
301-995-1900 
FAX: 301-964-3364 


SALES REPRESENTATIVES 


MISSISSIPPI 


~~~~rJ~~~a~a~~~~~St':~oc. 
Jordan 
Center 


Huntsville, 
Alabama 
35805-0306 


PHONE: 
205-536-3044 
FAX: 205-533-5097 


MISSOURI 
s.w. 
Wollard 


Rural 
Route 
1 


Post 
Office 
Box 66A 


Parker, 
Kansas 
66072 


PHONE: 
~13-898-6552 
FAX: 
913-898-6081 


MONTANA 
Quest 
Marketing, 
Inc. 
15921 
N.E. 
8th St., 
Ste. 
207 
Bellevue, 
Washington 
98008 


PHONE: 
206-747-9424 
FAX: 206-643-3488 


NEBRASKA 
S.w. 
Wollard 
Co. 


Rural 
Route 
1 


Post Office 
Box 66A 


Parker, 
Kansas 
66072 


PHONE: 
913·898-6552 
FAX: 
913·898·6081 


NEVADAlNorth 
Costar, 
Inc. 


19220 
Stevens 
Creek 
Blvd. 


Cupertino, 
California 
95014 


PHONE: 
408-448-9339 
TELEX: 
910-338-0206 
FAX: 
408-446·4885 


NEVADA/South 
Southwest 
Technical 
Sales 
4314 
E. Tonto 
St. 


Phoenix, 
Arizona 
85044 


PHONE: 
602-893-1209 
TELEX: 
910-950-0195 
FAX: 
602-893-1312 


NEW 
HAMPSHIRE 


The 
Orion 
Group 
607 
North 
Ave. 
Wakefield, 
Massachusetts 
01880 
PHONE: 
617-245-5220 
TWX: 
510-601-ll667 


NEW 
JERSEY/Northern 
Technical 
Marketing 
Group 


705 Cedar 
Lane 


Teaneck, 
N.J. 07666 


PHONE: 
201-692-0200 
TWX: 
710·990-5086 
FAX: 
201·692-8367 


MASSACHUSETTS 
NEW 
JERSEYlSouthern 


The 
Orion 
Group 
Tritek 
Sales, 
Inc. 


607 North 
Ave. 
21 E. Euclid 
Avenue 
Wakefield, 
Massachusetts 
01880 
Haddonfield, 
New 
Jersey 
08033 


PHONE: 
617-245-5220 
PHONE: 
609-429-1551 
TWX: 
510-601-0667 
TELEX: 
710-896-0881 
FAX: 
609-429-4915 
Digital 
Equipment 
Corp. 
Only 


Mill-Bern 
Associates, 
Inc. 


2 Mack 
Road 
Woburn, 
Massachusetts 
01801 


PHONE: 
617-932-3311 
FAX: 
617-932-0511 


MICHIGAN 
A. P. Associates 
p.o. Box 777 


~~bh~E~' 3~~~~~:_~:~J16 
TELEX: 
287310 
FAX: 
313-229-9356 


MINNESOTA 
Comstrand, 
Inc. 


2852 
Anthony 
Lane 
South 
Minneapolis, 
Minnesota 
55418 


PHONE: 
612·788-9234 
TELEX: 
911)-.576-0924 
FAX: 
612-788-n18 


Cetec 
Electronics 
3940 
Ruffin 
Road 
San 
Diego, 
California 
92123 


PHONE: 
619-278-5020 


Cetec 
Electronics 
2300 
Owen 
Street 
Santa 
Clara, 
California 
95051 


PHONE: 
408-434-1114 
FAX: 
408·433-0822 


NEW 
MEXICO 


Southwest 
Technical 
Sales 


4314 
E. Tonto 
St. 


Phoenix, 
Arizona 
85044 


PHONE: 
602-893-1209 
TELEX: 
910-950-0195 
FAX: 602-893-1312 


NEW 
YORK 
Technical 
Marketing 
Group 


20 Broad 
Hollow 
Road 
Melville, 
N.Y. 11747 


PHONE: 
516-351-8833 
TWX: 
910-997-3030 
FAX: 
516-351-8667 


T-Squared 
Elec. 
Co., 
Inc. 
7353 
Victor 
Pittsford 
Rd. 
Victor, 
New 
York 
14564 


PHONE: 
716-924-9101 
FAX: 
716-924-4946 


Diplomat 
Electronics, 
Inc. 


6921 
San 
Fernando 
Road 
Glendale, 
California 
91201 


PHONE: 
818-845-8700 
FAX: 818-848-6420 


Hall-Mark 
Electronics 
Corp. 


6341 
Auburn 
Blvd. 


Suite 
0 


Citrus 
Heights, 
California 
95610 


PHONE: 
916-n2-8600 


T-Squared 
Elec. 
Co., 
Inc. 


6443 
Ridings 
Road 


~r{O~uE:e3~5'::6~~~~~i206 


NORTH 
CAROLINA 
Electronic 
Marketing 
Associates 


9225 
Honeycutt 
Creek 
Road 


Raleigh, 
North 
Carolina 
27609 


PHONE: 
919-847-8800 
TELEX: 
510-928-0594 
FAX: 919-848-1787 


NORTH 
DAKOTA 


Comstrand, 
Inc. 


2852 
Anthony 
Lane 
South 
Minneapolis, 
Minnesota 
55418 


PHONE: 
612-788-9234 
TELEX: 
910-578-0924 
FAX: 
612-788-n18 


OHIO 
Thompson 
& Associates 
23215 
Commerce 
Dr., Suite 
202 


Beachwood, 
Ohio 
44122 


PHONE: 
216-831-6277 
TELEX: 
333804 
FAX: 216-831-2553 


Thompson 
& Associates 


309 
Regency 
Ridge 


Dayton, 
Ohio 
45459 


PHONE: 
513-435-7733 
TELEX: 
810-459-1767 
FAX: 513-435-1898 


OKLAHOMA 
Southern 
States 
Marketing 
1143 Rockingham, 
Suite 
106 


Richardson, 
Texas 
75080 


PHONE: 
214-238-7500 
TELEX: 
910-867-4754 
FAX: 214-231-7662 


OREGON 
Quest 
Marketing, 
Inc. 
6700 
S.w. 
105th, 
Ste. 3110 


~~~~~~~0~~~f.n~7j>05 
FAX: 503-646-9536 


PENNSYLVANIA/E 
•• tern 


Tritek 
Sales, 
Inc. 


21 E. Euclid 
Avenue 


Haddonfield, 
New 
Jersey 
08033 


PHONE: 
609-429-1551 
TELEX: 
710-896-0881 
FAX: 609-429-4915 


PENNSYLVANIA/Western 
Thompson 
& Associates 
309 
Regency 
Ridge 
Dayton, 
Ohio 
45459 


PHONE: 
513-435-7733 
TELEX: 
810·459·1767 


TENNESSEE 


~~~~rJ~r~a~a~~~~St':~' 
Jordan 
Center 


Huntsville, 
Alabama 
35805-0306 


PHONE: 
205-536-3044 


FAX: 205-533-5097 


TEXAS 
Southern 
States 
Marketing 


~i~~a~~~~~:'s 
?~6:' 
106 


PHONE: 
214-238-7500 


TWX: 
910-867-4754 


FAX: 
214-231-7662 


Southern 
States 
Marketing 
400 
E. Anderson 
Lane, 
Suite 
111 
Austin, 
Texas 
78752 


PHONE: 
512-452-9459 
TWX: 
910-874-2006 


UTAH 
Elcom, 
Inc. 


2520 
South 
State 
Street 


Suite 
116 


Salt 
Lake 
City, 
Utah 
84115 


PHONE: 
801-486-4233 


TELEX: 
62893825 
(Eaayllnk) 


VERMONT 
The 
Orion 
Group 
607 
North 
Ave. 


Wakefield, 
Massachusetts 
01880 


PHONE: 
617~245·5220 


TWX: 
510-601-0667 


VIRGINIA 
Robert 
Electronic 
Sales 


1901 West 
Huguenot 
Road, 


Suite 
201 


Richmond, 
Virginia 
23235 


PHONE: 
804-276-3979 


FAX: 804-794-6090 


WASHINGTON 
Quest 
Marketing, 
Inc. 


15921 
N.E. 
8th 
St., 
Ste. 
207 


Bellevue, 
Washington 
98008 


PHONE: 
206-747·9424 


FAX: 206·843-3488 


WASHINGTON 
D.C. 


Robert 
Electronic 
Sales 


5525 
Twin 
Knolls 
Rd. 
Suite 
331 
Columbia, 
Maryland 
21045 


PHONE: 
301-995-1900 


WEST 
VIRGINIA 


Thompson 
Associates 


23715 
Merchantile 
Road 


Beachwood, 
Ohio 
44122 


PHONE: 
216-831-6277 


TELEX: 
810-427-9453 


WISCONSINlWest 


RHODE 
ISLAND 
Comstrand, 
Inc. 


The 
Orion 
Group 
2852 
Anthony 
Lane 
South 
607 N?rth 
Ave. 
Minneapolis, 
Minnesota 
55418 
Wakefield, 
Massachusetts 
01880 
PHONE: 
612-788-9234 


PHONE: 
617-245-5220 
TELEX: 
910-578-0924 


TWX: 
510-601-ll667 
FAX: 
612-788-n18 


SOUTH 
CAROLINA 


Electronic 
Marketing 
Associates 
210 West 
Stone 
Avenue 
Greenville, 
South 
Carolina 
29609·5499 


PHONE: 
803-233-463714638 
TELEX: 
810·281-2225 
FAX: 803-242-3089 


SOUTH 
DAKOTA 


Comstrand, 
Inc. 


2852 
Anthony 
Lane 
South 
Minneapolis, 
Minnesota 
55418 


PHONE: 
612-788-9234 
TELEX: 
910-576-0924 
FAX: 
612-788-n18 


Hall-Mark 
Electronics 
Corp. 
8130 
Remmet 
Avenue 
~~~O~E: 
p:;r~:~:'~~~ia 
93104 


FAX: 818-704-4860 


Hall-Mark 
Electronics 
Corp. 


3878 
Ruffin 
Road, 
Ste. 
108 
San 
Diego, 
California 
92123 


PHONE: 
619-268-1201 


WISCONSIN/E 
•• t 
Sumer, 
Inc. 


350 
Bishops 
Way 


Brookfield, 
Wisconsin 
53005 


PHONE: 
414-784-6641 


FAX: 
414-785-9628 


WYOMING 
Elcom, 
Inc. 


2015 
South 
Dayton 
Street 


Denver, 
Colorado 
80231 


PHONE: 
303-337-2300 


TELEX: 
62927893 
(Ea.yllnk) 


FAX: 303-745-0462 


Hall-M~rk 
Electronics 
Corp. 


1110 RingWOOd 
Court 


San 
Jose, 
California 
95131 


PHONE: 
408-432-0900 


FAX: 403-433-0745 


Hall-Mark 
Electronics 
Corp. 


19220 
S. Normandie 
Avenue 


Torrance, 
California 
90502 


PHONE: 
213-217-8450 


